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Foreword 



It is an honour to introduce to readers the fourth edition of 
Professor Alwyn Lishman's landmark book Organic Psychia- 
try: The Psychological Consequences of Cerebral Disorder, newly 
titled Lishman's Organic Psychiatry: A Textbook of Neuropsychi- 
atry. Since its first publication in 1978, I have regularly 
referred to it in my clinical work and research on the psychi- 
atric aspects of neurological disorders. 

It was one of the first modern texts to compile knowledge 
of psychiatric aspects of neurological disorders, including 
cognition, mood, delusions, hallucinations, obsessions and 
phobia. Before its publication, patients who had neurologi- 
cal disorders were often deprived of expert psychiatric care, 
and clinical research workers could not take advantage of 
these experiments of nature to aid their search for brain- 
mind connections. Organic Psychiatry provided a basis for 
neuropsychiatric training, patient care and research. 

Until early in the 20th century, neurology and psychiatry 
were, in a number of countries, considered to be a single dis- 
cipline, but then neurologists such as Charcot and Freud 
postulated psychological and social roots for anxiety and 
abnormal behaviours, thus differentiating neurology from 
psychiatry. Soon, psychiatrists were receiving minimal neu- 
rological training and neurologists were receiving minimal 
psychiatric training. This separation had many conse- 
quences, not the least of which was the need for psychiatrists 
to be reintroduced to the psychiatric aspects of neurological 
disorders. Professor Lishman's historic text, in its several 
iterations, has filled this need and fostered the development 
of the subspecialty of neuropsychiatry. 

Several psychiatrists who worked in the years prior to the 
publication of the first edition directly or indirectly influ- 
enced Lishman's work. Adolph Meyer, a psychiatrist and a 
neuroanatomist, invented a method for documenting the 
psychological and social context of mental states, now known 
as the 'case taking notes', which remains a framework for 
observations necessary for the formulation of individual 
cases and for research conjectures. At about the same time, 
Karl Jaspers published the monumental General Psychopa- 
thology. Jaspers was trained by Franz Nissl who was inter- 
ested in cortical-subcortical connections and the correlation 



of psychological states with blood vessels, glia and cortical 
structures. Jaspers' book defined the methods of psychiatry 
and also compiled the elements of the mental state to be 
explained or understood in relation to neurological and 
social conditions. 

Organic Psychiatry also reflects the thought of Jaspers' 
colleague in Heidelberg, Wilhelm (Willi) Mayer-Gross. 
Mayer-Gross came to London in 1934 to work with Mapother 
at the Bethlem and Maudsley hospitals. In 1939 he moved to 
Birmingham to teach and conduct research in psychiatry. 
Lishman was to become a medical student there a decade 
later. Mayer-Gross's major influence on Lishman most likely 
came through his textbook, Clinical Psychiatry, which he 
wrote with Eliot Slater and Martin Roth. As a neurology resi- 
dent I was delighted to find a psychiatric text that presented 
the material in a straightforward descriptive manner, similar 
to a textbook of internal medicine. Clinical Psychiatry in- 
cluded chapters on Alzheimer's disease and other neuro- 
logical disorders that cause psychiatric symptoms. It 
published Meyer's case taking notes and a brief, scored cog- 
nitive examination that influenced my formulation of the 
Mini Mental State examination. Lishman generally followed 
Mayer-Gross's approach, expanding the sections on neuro- 
logical disorder and more importantly providing evidence 
for and against assertions that a particular disease caused 
specific symptoms. 

Finally, Lishman was encouraged to undertake the 
writing of the book by Aubrey Lewis, the first Chairman of 
the Institute of Psychiatry in London who created what 
Jaspers called 'the genius of place' that produced Lishman 
and many other important 20th-century psychiatrists. Denis 
Hill, who succeeded Lewis as Chairman, continued this 
encouragement and wrote the foreword to the first edition 
of the book. 

Each and every chapter of the fourth edition of Organic 
Psychiatry has been comprehensively revised and updated 
by a small group of experts, lead by Tony David, Lishman's 
successor at the Maudsley Hospital /Institute of Psychiatry, 
who have maintained the tradition set by Alwyn Lishman 
and invigorated it. The new textbook has expanded sections 
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on neuropsychology and neuroimaging, both essential 
disciplines for neuropsychiatric practice and research. Neu- 
ropsychology developed from the localisationist ideas of 
Broca and Wernicke who discovered that discrete lesions of 
the brain were followed by disorders of language. This view 
has been replaced by the idea that dysfunction of cortical- 
subcortical networks has psychological effects. The modern 
field was initially based on the study of war injuries, and 
tried to localise psychological functions to discrete brain 
areas. Neuroimaging has in some ways supplanted or 
replaced the autopsy as a means for clinical pathological cor- 
relation. It has demonstrated the widespread cortical and 
subcortical networks involved in cognitive impairment and 
depression. Knowledge of the strengths and weaknesses of 
imaging technologies is critical for the work of neuropsychi- 
atrists who should be able to evaluate scan results in relation 
to other clinical features. Interpretation must be cautious 



because, as the authors note, a lesion seen may or may not be 
causally related to the clinical features. 

Also included is a separate chapter on sleep disorders, a 
common group of conditions at the interface between neu- 
rology and psychiatry, and the elevation of Alzheimer's 
disease to the chapter title covering this and related demen- 
tias. This reflects both its importance as a global health issue 
and the huge advances in the understanding of its genetic 
basis and underlying pathophysiology. 

The authors' accurate and critical descriptions of the cog- 
nitive and non-cognitive features of neurological diseases 
bring some clarity to these complex interpretations, which 
reflect the brain-mind relationships. The new edition, like 
the earlier editions, will be an indispensable guide for the 
work of psychiatrists, neurologists and neuropsychologists 
and all students and practitioners working in neuropsychia- 
try, a growing clinical field. 

Marshal Folstein MD, June 2009 
Professor of Psychiatry, Johns Hopkins 
Medical Institutions; Professor of Psychiatry, 
Tufts School of Medicine, USA 



Preface to the First Edition 



The impetus for writing a book on organic psychiatry has 
come largely from clinical practice and teaching. Both reveal 
the lack of focused knowledge concerning the overlapping 
territories between psychiatry and neurology - a gap mani- 
fested in the paucity of textbook literature on the subject. 
Clearly, as with any borderland zone, there has been a risk of 
relative neglect as each separate discipline has proceeded on 
its specialised way, leaving, perhaps inevitably, an uneasy 
interface between. 

Neurology deals directly with the apparatus of mind by 
investigating malfunction of the brain. Yet paradoxically it 
has often paid scant attention to mental disorder itself. Psy- 
chiatry on its part deals essentially with mental disorder, yet 
has had little in relative terms to do with the hardware upon 
which mind depends. The rich complexity of human behav- 
iour, and the multitude of factors which can shape and distort 
it, have clearly demanded a multifaceted growth of clinical 
psychiatry; the subject had profited from psychodynamic, 
psychosocial and pharmacological approaches to mental 
disorder, but with the expert neurologist waiting in the wings 
the factor of brain malfunction has sometimes tended to be 
eclipsed. Sir Denis Hill, in his Foreword to the book, has 
touched on the dilemma and set it in much wider historical 
perspective. 

It has therefore seemed worthwhile to attempt a compre- 
hensive review of the cognitive, behavioural and emotional 
consequences of cerebral disorder, and the problems in this 
area which are encountered in clinical practice. The task 
proved greater than at first envisaged. In the first place neu- 
rology and psychiatry with their attendant disciplines have 
both proceeded apace, sometimes drawing closer together 
and sometimes further apart in their different approaches to 
disease. The literature on their common ground has corre- 
spondingly flourished, but in a scattered manner. Secondly it 
soon became obvious that a text devoted to psychiatric disor- 
ders associated with structural brain disease would be 
unduly restrictive, and that certain metabolic, toxic and other 
systemic disorders must also be considered if brain malfunc- 
tion was to be the central theme. 



Others could have argued for the inclusion of a good deal 
more than is here presented. Very little will be found on 
mental subnormality or child psychiatry since such fields are 
beyond the author's competence. And the temptation to 
speculate in detail on possible 'cerebral' contributions to the 
major functional psychoses has been resisted. Boundaries 
have in general been drawn short of hypothetical situations, 
and the work is mainly confined to disorders of cerebral 
function which are indubitable and well established. 

Within the selected field coverage of different topics will 
no doubt be found inequitable. An avowed preoccupation 
with focal cerebral disorder, and the light which disease has 
thrown on regional brain function, will be apparent to the 
reader. But other considerations have also been at work. 
Some very rare disease processes are given considerable 
attention when their psychiatric components can on occa- 
sion be important or when important lessons have been 
learned from them. Similarly the selection of case reports 
will sometimes illustrate rare conditions or phenomena, 
if case presentation seems much better than lengthy de- 
scription for communicating the essence of the matter. In 
the sections on treatment, physical approaches will often be 
described in more detail than psychotherapeutic or social 
interventions, without any necessary assumption that these 
have less important parts to play in overall management of 
the patient. Thus in many respects the emphases in the book 
must be construed, not as reflecting the absolute importance 
of a topic, but rather the particular slant indicated in a work 
devoted to organic aspects of psychiatry. Finally if scant 
attention seems to have been paid to purely psychological 
reactions to physical disorder this in no sense implies that 
such aspects are less intriguing or practically important. 
Matters of space and time, and the patience of the reader, 
have dictated that lines must be drawn, however arbitrarily 
and painfully. 

Acknowledgements for the help of others are traditionally 
given, but the list would be long indeed if I were to pay tribute 
to all the teachers, colleagues and students who have fos- 
tered my interest and guided my thinking on the subjects 
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dealt with herein. I will list instead those who have been 
directly concerned with the book and have often spent gen- 
erous hours in detailed discussion and the reading of drafts. 
The late Sir Aubrey Lewis took a keen and encouraging inter- 
est in the earlier stages of the work. Sir Denis Hill has given 
both detailed criticism and constant helpful support. I am 
greatly indebted to him for generously providing a Foreword 
to the book. Special thanks must go to Dr Richard Pratt for 
reading large parts of the manuscript and allowing me to 
draw on his exceptional knowledge of the literature. Those 
who have criticized individual sections and chapters include 
Professor Frank Benson, Professor Robert Cawley, Dr Elaine 
Drewe, Dr Griffith Edwards, Professor George Fenton, Dr 
John Gunn, Dr Derek Hockaday, Dr Raymond Levy, Pro- 
fessor David Marsden, Dr David Parkes, Dr Felix Post and 
Dr Sabina Strich. Others who have helped in innumerable 
ways include Dr Christopher Colbourn, Mrs Isobel 



Colbourn, Dr John Cutting, Dr May Monro, Dr Maria Ron 
and Dr Brian Toone. Miss Helen Marshall put at my disposal 
her unrivalled expertise in guiding me to the rich store of 
information in the Institute of Psychiatry library. To all of 
these kind friends and colleagues I am very deeply grateful. 

Finally I must record my gratitude to the two people who 
have been most intimately concerned of all. Mrs Dorothy 
Wiltshire has not only collaborated on an arduous task, but 
has positively welcomed the burden and done much to 
sustain my enthusiasm. Her expert secretarial skills and 
untiring patience have, in effect, made the venture possible. 
My wife, Marjorie, deserves the warmest thanks of all - 
meticulous help with the manuscripts and with problems 
of the English language have been but a tiny part; over 
several years she has paved the way, deflected obstacles and 
taken over numerous burdens in an ever-helpful manner 
which is most affectionately acknowledged. 

Alwyn Lishman, June 1977 



Preface to the Fourth Edition 



When Alwyn Lishman suggested that I might edit the fourth 
edition of his famous tome my reaction was one of huge 
delight mixed with equal trepidation. It took five co-editors 
with the help of some young and energetic colleagues to 
finally complete the task, a fact that only goes to emphasise 
his monumental achievement in bringing about the previous 
three editions of Organic Psychiatry. It is clearly no longer 
tenable for a single person to maintain the level of detailed 
analysis and standard of exposition across the entire breadth 
of neuropsychiatry that Lishman set, given the explosion 
in neuroscientific and clinical insights over the last two 
decades. 

The team of co-editors in many ways selected themselves, 
being firmly rooted in complementary aspects of neuro- 
psychiatry, currently working as clinicians and academics 
at the Maudsley Hospital/Institute of Psychiatry and 
having various degrees of affiliation with Alwyn Lishman. 
I would like to take this opportunity to thank them for their 
undying enthusiasm, painstaking hard work and good 
humour. 

This fourth edition has a new title that honours Lishman's 
original accomplishment but makes it clear that this is not a 
cosmetic makeover but a new textbook. The awesome task 
that was required of us was to somehow preserve the single 
authoritative authorial voice of Alwyn Lishman while at the 
same time bringing new perspectives and clinical research to 
bear on the topics of neuropsychiatry. The clinical descrip- 
tions are, of course, timeless and these have been left largely 
intact, but new classificatory systems, new understandings 
in biology and, to some extent, new treatment approaches 
have displaced much of the previous edition. Thanks to our 
sub-editors and publisher the format has been rendered 
more easy on the eye, with highlighted text and boxes of 
information. There are many more tables and illustrations. 
However, there has been no attempt to 'dumb down' the 
content. Readers seeking a quick and easy fix to ignorance in 
neuropsychiatry should look elsewhere. 

The basic chapter structure remains although we begin 
with the principles of neuropsychiatry, which incorporates 
the previous small chapter on differential diagnosis. The 



next chapter is, as pointed out by Marshal Folstein, a new 
departure and brings in more neuropsychology which is of 
course a bedrock science for neuropsychiatry. The clinical 
assessment chapter includes illustrations, particularly of 
magnetic resonance brain images, as this is such a dominant 
diagnostic tool. The first chapter in the 'disorders' section is 
Head Injury, by Simon Fleminger, and brings in a raft of new 
material both in terms of pathophysiology and prognosis. 
The Cerebral Tumours chapter by Drs Fleminger and 
Mellado Calvo has also been extensively revised and it is 
pleasing to see more on treatment and effects of treatment in 
this chapter. J ohn Mellers has carried out many fundamental 
revisions and additions to the Epilepsy chapter reflecting 
new approaches to classification, diagnosis and treatment in 
that field. In Intracranial Infections, Simon Fleminger, ably 
abetted by Mike Dilley, takes on infections of historic signifi- 
cance and very modern conditions, such as HIV- AIDS which 
Lishman introduced in the third edition, knowledge of 
which has now matured through the introduction of effec- 
tive chemo- and immunotherapy. This is followed by the last 
of Simon Fleminger 's contributions, Cerebrovascular Disor- 
ders, which contains information on new vascular syn- 
dromes of importance in neuropsychiatry. Simon Lovestone, 
a Professor of Old Age Psychiatry, has taken on Alzheimer 's 
disease and other dementias. This chapter bears little resem- 
blance to its equivalent in the previous edition, reflecting the 
massive strides in the understanding of Alzheimer's and 
related dementias from a molecular genetic point of view. 
The next two chapters, on endocrine /metabolic disorders 
and toxic disorders were both led by Mike Kopelman with 
the help of Neil Harrison, Lawrence Reed and Mayur Bodani. 
These chapters show considerable reworking from the pre- 
vious edition but with toxic disorders, including effects of 
alcohol, continuing to exert its full weight. Indeed, in some 
respects the term 'organic psychiatry' more readily encom- 
passes such issues, whereas neuropsychiatry can be inter- 
preted in a very narrow sense as only applying to diseases of 
the brain. Clearly our preferred usage of neuropsychiatry 
includes the whole range of conditions that can affect brain 
and mind, directly and indirectly. In the movement disorders 
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chapter John Metiers and Max Henderson bring recent 
discoveries in molecular genetics to the understanding of 
Parkinson's disease, dystonias and less common disorders 
of the basal ganglia. The next chapter is on sleep and related 
disorders and is ably managed by Mike Kopelman and Meryl 
Dahlitz. Sleep disorders were previously embedded within a 
'ragbag' final chapter but such are the advances in the field 
that we felt that this cluster of very common as well as some 
esoteric disorders deserves a chapter in its own right. 
However, there remains the necessity for a final chapter 
bringing together other miscellaneous disorders and Simon 
Lovestone manfully took this on. It includes as before, psy- 
chiatric aspects of multiple sclerosis and neuromuscular 
conditions plus the paraneoplastic neuropsychiatric syn- 
dromes that in many ways constitute 'breaking news'; even 



I am deeply grateful to my younger colleagues who 
have produced this new edition of 'Organic Psychiatry', 
and particularly to Professor Tony David who bravely 
undertook to coordinate their efforts. They have, at a 
stroke, liberated me from a somewhat daunting task, and 
at the same time brought the book forward into the new 
millennium. 

When I look back on the preparation of previous editions I 
realise the extent of the debt I then owed to day-to-day clini- 
cal practice, coupled with the stimulation afforded by col- 
leagues, students and research associates, not to mention the 
availability on site of a first-class library. In short, the unique 
atmosphere of the Institute of Psychiatry kept me, almost 
insensibly, abreast of progress. Now, well into my retirement, 
I have been forced to recognise that without this special envi- 
ronment it would be foolhardy to attempt to update the text 
once more myself. 

The next important step was to free the new editors in turn, 
and leave them to proceed unfettered by any intrusions on 
my part. I could not have taken so bold a decision without 



now there are novel disorders to be discovered and 
described. 

It has been a privilege to steer this effort to completion. It 
has been a wondrous, if sometimes tortuous, journey. Many 
people, too numerous to name, have helped along the way: 
clinicians, managers, neurophysiologists, neuropsycholo- 
gists, etc. Special mention should go to the late Ginny Ng, 
consultant neuroradiologist who provided some of the MR 
images and helped educate all of us in their interpretation 
and, more recently, Naomi Sibtain, who has carried on this 
tradition. The publishers in their various incarnations have 
remained steadfastly behind the project. Finally, the great- 
est thanks must go to Alwyn Lishman himself for inspiring 
all of us to carry on his work and for providing a benign 
watchful presence as we do so. 

Anthony S. David, January 2009 



close acquaintance with all of the editors and having the 
utmost confidence in them. They are clearly present-day 
leaders in the neuropsychiatric field and with special 
interests that bring added strengths to their capabilities for 
the task. 

It has been a privilege to witness the extraordinary growth 
of interest and progress in this sub-specialty of psychiatry 
since the era when the first edition of the book was published 
in 1978. In part, this has derived from the astonishing 
advances in the neurosciences that have made brain struc- 
ture and function increasingly relevant to mental, as well as 
neurological, disorder, also in part from the rapprochement 
between neurologists, psychiatrists and neuropsychologists 
as they pursue overlapping areas of research and clinical 
endeavour. The consequent burgeoning of knowledge and 
its attendant literature have gradually made it unrealistic for 
a single author to attempt to encompass the subject matter 
satisfactorily. My appreciation and my indebtedness towards 
the architects of this fourth edition are therefore great 
indeed. 

Alwyn Lishman, January 2009 



While every effort has been made to ensure the accuracy of the drug dosage and side-effects described in the book, the authors and publisher make 
no representation, expressed or implied, that they are correct. The reader is advised to refer to published information from the pharmaceutical 
companies and other reference works to check accuracy. 

The distinction between symptoms and signs that is customary in general medicine is often difficult to make where psychological phenomena are 
concerned. To avoid repetition, 'symptoms' will often be used alone when both the patient's complaints and the psychological abnormalities 
detected by the examiner are being considered together. For similar reasons 'he' or 'his' will often be used when 'he/she' or 'his/her' would be 
more appropriate and correct. 



PART 




Principles 



CHAPTER 



1 

Basic Concepts in Neuropsychiatry 

Anthony S. David 

Institute of Psychiatry, King's College, London 



What is neuropsychiatry? 

In most psychiatric illnesses the clinical picture is profoundly 
coloured and sometimes decisively shaped by factors spe- 
cific to the individual and his environment. Hence the noto- 
rious difficulty in identifying separate disease processes in 
psychiatry. This is compounded still further, where most 
mental disorders are concerned, by the lack of collateral evi- 
dence by means of tissue pathology. Alwyn Lishman used 
the term 'organic psychiatry' to describe those disorders 'in 
which there is a high probability that appropriate examina- 
tion and investigation will uncover some cerebral or sys- 
temic pathology responsible for, or contributing to, the 
mental condition'. He contrasted this with the term 'neu- 
ropsychiatry', which he took to be a more specific discipline 
at the interface between neurology and psychiatry, con- 
cerned with disorders that can be demonstrated to owe their 
origins 'to brain malfunction of a clearly identifiable nature' 
and thus not including endocrine, toxic and metabolic disor- 
ders. While these disorders operate via disturbances in brain 
function, they are, according to Lishman, the concern of 
general medicine rather than neurology. Despite the clarity 
and merits of this distinction, 'neuropsychiatry' has become 
the more widely used term and is generally not used in its 
more restrictive sense. It is used here synonymously with 
organic psychiatry but broader still to include those condi- 
tions that might appear at first sight to be caused by pathol- 
ogy of the nervous system with manifestations in the 
neurological domain, but which turn out not to be so; in fact 
psychological and social factors predominate in the clinical 
formulation - in other words, the so-called conversion disor- 
ders. Inclusion of such disorders may be justified on prag- 
matic grounds since they contribute to a sizeable proportion 
of the workload of the neuropsychiatrist and related health 
professional. Further, the differential diagnosis of conver- 
sion is, by definition, neurological; likewise, conversion dis- 



orders contribute to the differential diagnoses of most 
neuropsychiatric conditions. 

Before leaving the issue of definitions, it is worth reiterat- 
ing here two other aspects dealt with by Alwyn Lishman in 
his preface to the second and third editions of his textbook. 
First, we wholly subscribe to Lishman's injunction that neu- 
ropsychiatry 'must capitalise on all that psychiatry has to 
offer ' including psychodynamic, social and cultural aspects, 
and that 'neuropsychiatric practice requires a widening not a 
narrowing of psychiatric skills and interests'. Second, neu- 
ropsychiatry does not claim to be the only branch of psychia- 
try where the brain and other biological systems are relevant, 
far from it. The term 'biological psychiatry' is rightly reserved 
for the approach (rather than the clinical discipline) con- 
cerned with 'pathophysiologies of a biological nature' which 
can be brought to bear on increasingly numerous if not all 
forms of psychiatric disorder to varying extents. 

The psychological disturbances which result from brain 
pathology often share common ground that cuts across dif- 
ferences in background, personality and social situation. 
They are related to pathological processes within the brain, 
or acting on the brain, which can often be identified by the 
techniques of medical investigation. In these respects neu- 
ropsychiatry draws closer to the rest of medicine, and should 
at least in theory be amenable to a similar approach in leading 
towards useful clinicopathological correlations. 

In large measure this is so. However, psychological symp- 
toms are hard to identify objectively and can rarely be meas- 
ured accurately. Difficulties of assessment increase abruptly 
as we ascend from basic motor and sensory processes to 
mental phenomena, and especially when we move from 
simple cognitive impairments to changes in emotion, per- 
sonality and other complex aspects of behaviour. Moreover, 
when symptoms characteristic of the neuroses or major psy- 
choses emerge in the brain-damaged person, it is necessary 
to consider the possibility that he may have been specially 
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predisposed to their development. Ultimately, indeed, we 
are often forced back again to the problems of the main body 
of psychiatry, since the more complex effects of cerebral dis- 
order can be properly assessed only when the whole individ- 
ual is viewed in the context of his personal history and 
environment. The situation is therefore a good deal more 
complex than in most other branches of medicine, and the 
opportunities for relating abnormalities of behaviour to 
precise aspects of cerebral pathology are limited in several 
important respects. 

Fortunately for the diagnostic process, neuropsychiatric 
disorders tend to have certain features in common that 
usually allow them to be distinguished from non-organic 
mental illnesses. Different varieties of pathological change 
are often associated with similar forms of impairment. Bon- 
hoeffer (1909), who coined the term 'exogenous psychoses', 
deserves the credit for recognising this and discarding the 
Kraepelinian view that each noxious agent affecting the 
brain evokes a specific psychiatric picture. Impairment of 
consciousness, for example, may result from a number of 
toxic processes acting on the brain or from raised intracranial 
pressure; dementia may result from anoxia, from trauma or 
from primary degenerative disease. It is therefore possible to 
extract important symptoms and syndromes that indicate 
the possibility of cerebral disorder whatever the basic pathol- 
ogy and despite the colouring lent by pathoplastic features. 
Such symptoms form the cornerstone of diagnosis in neu- 
ropsychiatry and it is essential to recognise their earliest and 
most minor manifestations. Many disease processes affect- 
ing the brain will come to attention with psychological 
symptoms alone and well before the appearance of definite 
neurological signs, and it is often by the correct appreciation 
of these common forms of reaction that a mistaken diagnosis 
of non-organic (or so-called 'functional') psychiatric disor- 
der will be avoided. 

Other forms of presentation may indeed occur with change 
of personality, affective disturbance, neurotic symptoms or 
even pictures indicative of schizophrenia. The clinician must 
remain aware that occasionally a mental illness presenting in 
this way may be related to the early stages of cerebral disease. 
Such cases are not infrequent and their detection by judicious 
application of ever more sensitive and non-invasive investi- 
gations such as magnetic resonance imaging increasingly 
likely; however, as the condition progresses, organic mental 
symptoms will usually appear. 

Basic concepts and terminology 

This chapter describes various frameworks for grouping 
together the cardinal psychological symptoms and signs 
of cerebral disorder. The principal accent will be on the 
shared forms of reaction common to most individuals and 
to different pathological processes, though features par- 
ticular to individuals are also briefly described where 
appropriate. The feature that distinguishes neuropsychiatric 



disorders from the rest of psychiatry is cognitive 
impairment. 

A main division is the temporal one, i.e. 'acute' and 
'chronic' reactions. These terms are clinically usefulforbroad 
classification and for shorthand description of groups of 
clinical phenomena. A topographical distinction, namely 
'focal' versus 'generalised' or 'diffuse', can be superimposed 
on this temporal division, so that both acute and chronic 
conditions can be focal or diffuse in nature. 

Acute Chronic 

/ \ / \ 

Focal Diffuse Focal Diffuse 



Acute versus chronic cerebral disorder 

Acute organic reaction and chronic organic reaction are the terms 
best used for the first major division of organic psychiatric 
illnesses, each functioning as no more than a pointer to a class 
of problems, and serving only as starting points for further 
enquiries into aetiology. These terms carry implications for 
abruptness and onset and to some extent for the constella- 
tion of symptoms most in evidence. Each may show features 
not seen in the other, and requiring specific approaches for 
their identification. The terms also carry implications for 
likely duration, but not directly for ultimate prognosis. It is 
more usual for acute than for chronic organic reactions to 
recover, but the prognosis in each case will depend on the 
precise aetiology at work. A separate category of 'subacute 
organic reactions' is sometimes demarcated, and merely 
implies less sudden onset than the acute disorders, some- 
what longer continuation, and an admixture of clinical 
symptoms characteristic of acute and chronic reactions. It 
must be accepted, however, that both acute and chronic reac- 
tions will vary in the degree of their acuteness or chronicity, 
and that in some cases the former will, with time, prove to 
merge into the latter. 

The temporal dimension or time course is one of the most 
critical indicators in the evaluation of chronic neuropsychi- 
atric conditions. The clinical course of the disorder reveals 
many clues as to its nature. These may be variously described 
as progressive, stepwise, relapsing and remitting, etc. A pro- 
gressive course implies degeneration or the gradual ex- 
pansion of a space-occupying lesion. A stepwise course 
classically describes the intermittent but accumulating 
deficit as a consequence of repeated vascular events. A 
relapsing and remitting course suggests an inflammatory 
processes, such as multiple sclerosis, especially where each 
relapse adds a residuum of impairment or disability. Acute 
disturbances followed by complete recovery suggest disor- 
ders of function such as physiological disruptions to cerebral 
or neural activity without the enduring stamp of tissue 
pathology, as occurs with electrical disturbances or transient 
metabolic upsets or indeed a 'non-organic' aetiology. 
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Generalised versus focal cerebral disorder 

A great number of organic psychiatric disorders are due to 
widespread disturbance of brain function. This may be the 
result of diffuse disease processes within the brain, as in 
certain degenerative diseases, or of systemic disturbances, 
for example those leading to anoxia which impair brain func- 
tion indirectly. Moreover, well-localised brain lesions may 
declare themselves only when secondary diffuse effects 
supervene, as with raised intracranial pressure in associa- 
tion with cerebral tumour. The majority of acute and chronic 
organic reactions therefore reflect widespread disorder of 
cerebral activity and contain symptoms of defective function 
in many spheres. 

It has become customary to talk of 'generalised cerebral 
disorder' and to distinguish this from the effects of strictly 
focal pathology. However, it must be appreciated that both 
generalised and focal disturbances of brain function repre- 
sent theoretical extremes that are rarely if ever encountered 
in practice. It is most unlikely that intrinsic brain disease is 
ever uniformly distributed throughout the brain, and some 
degree of focal emphasis can usually be discerned with 
careful observation. Extrinsic factors that impair brain func- 
tion are likewise selective in their effects, sparing some 
neural or neurochemical systems while disrupting others. 
Impairment of consciousness, for example, represents inter- 
ference with brainstem alerting functions while cardiovas- 
cular and respiratory functions are little affected. Similarly, 
disruption of cortical and subcortical functions very rarely 
occurs to an equivalent extent. 

Strictly focal disorder, on the other hand, is also very rare 
except when purposely produced by surgical procedures. In 
naturally occurring disease we merely see a focal emphasis 
of pathology, which in greater or lesser degree is complicated 
by the additional effects of damage elsewhere. 

Nevertheless it is of great importance in practical clini- 
cal terms to preserve the distinction between clinical pic- 
tures that result from widely disseminated or from 
relatively circumscribed brain dysfunction. The distinction 
is essential in the formulation of likely causes and thence 
in deciding the lines which investigation must follow. 
Each, in practice, contains different symptoms of funda- 
mental importance. 

The plan in this chapter will be first to describe in broad 
terms the characteristic clinical pictures seen in 'generalised' 
acute and chronic reactions, and then to summarise the 
salient features seen with focal damage or focal emphasis of 
pathology in specific brain regions. The focal significance of 
certain symptoms and symptom complexes is dealt with in 
more detail in Chapter 2. 

Commonly used terms 

The following are some commonly used terms of general 
clinical description. 



Confusion refers to symptoms and signs which indicate that 
the patient is unable to think with his customary clarity and 
coherence. Cognitive impairment is often used nowadays as 
a portmanteau term in preference to confusion. It is seen in 
both organic and non-organic mental disturbances, and the 
term is useful merely as a shorthand clinical description of an 
important aspect of such mental states. In acute organic reac- 
tions, confusion is due largely to impairment of conscious- 
ness. In chronic organic reactions, it betrays the disruption of 
thought processes due to structural brain damage. In a whole 
range of psychiatric disorders, confusion of thinking may be 
much in evidence without any identifiable brain pathology 
whatever; similarly when powerful emotions from any cause 
interfere with the efficient ordering of cognitive processes. 
The term 'toxic confusional state' is widely used but can 
properly be applied only when toxic influences on the brain 
have been established. 

Clouding of consciousness denotes the mildest stage of impair- 
ment of consciousness which is detectable clinically, on the 
continuum from full alertness and awareness to coma. As 
such it is manifest as slight impairment of thinking, attend- 
ing, perceiving and remembering, in other words as mild 
global impairment of cognitive processes in association with 
reduced awareness of the environment. The patient will fre- 
quently, though not always, appear to be drowsy but this is 
not to be confused with the normal transition to sleep. 

Twilight states. Among Bonhoeffer's 'forms of exogenous 
reaction' due to pathogenic factors acting on the brain, twi- 
light states and delirium were separately demarcated. The 
essential features appear to include abrupt onset and ending, 
variable duration from hours to weeks, and the interruption 
of quiet periods of behaviour by unexpected and sometimes 
violent acts or outbursts of rage or fear. Other descriptions 
include dream-like 'oneiroid' states, vivid hallucinations 
and delusional ideas that dictate powerful affective distur- 
bance. Clearly, therefore, the term is used to cover a variety of 
syndromes and can now have little useful meaning. It is, 
moreover, widely employed to describe hysterical manifes- 
tations in addition to acute organic reactions (particularly 
some types of complex partial seizure). 

Coma represents the extreme of a graded continuum of 
impairment of consciousness, at the opposite pole of the 
spectrum from full alertness and awareness of the environ- 
ment. The patient is incapable of sensing or responding ade- 
quately to external stimuli or inner needs, shows little or no 
spontaneous movement apart from respiration, and no evi- 
dence whatever of mental activity. 

Coma is itself a graded phenomenon. At its deepest there 
is no reaction to stimuli of any intensity, and corneal, pupil- 
lary, pharyngeal, tendon and plantar reflexes are absent. Res- 
piration is slow and sometimes periodic (Cheyne-Stokes 
respiration) and cardiovascular regulating processes may 
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show signs of failure. Lighter degrees of coma (semicoma) 
allow partial response to stimulation, though this is 
incomplete, mostly non-purposive and usually consists of 
ineffectual movements or rubbing and scratching of the 
stimulated area. Bladder distension may call forth groaning 
or ill-coordinated motor stirring but the patient is still incon- 
tinent. Tendon reflexes may or may not be obtainable, and 
the plantars may be either flexor or extensor. The Glasgow 
Coma Scale, which has proved its usefulness for the grading 
of depth of coma, is described in Chapter 4, Measuring head 
injury severity. 

Coma needs to be distinguished from deep sleep and from 
stupor. In deep sleep and in coma the pictures may be closely 
similar on superficial observation, but the sleeper can be 
roused again to normal consciousness by the efforts of the 
examiner. He may wake spontaneously to unaccustomed 
stimuli, or in response to inner sensations such as hunger or 
bladder distension. In sleep there is sporadic continuing 
mental activity in the form of dreams which leave traces in 
memory. Coma is more difficult to demarcate from stupor, 
which is described below. The distinguishing features 
usually accepted are that in coma the eyes remain shut even 
in response to strong arousal stimuli, do not resist passive 
opening, and do not appear to be watchful or follow moving 
objects; movements in response to stimulation are never pur- 
poseful, and there is no subsequent recall of events or 
inner fantasies from the time in question (see also persistent 
vegetative state, Chapter 4). 

Stupor is an exceedingly difficult term to define, principally 
because it has been used widely in neurological and psychi- 
atric practice to refer to conditions with markedly different 
causation. Sometimes it is used loosely and wrongly to refer 
to an intermediate stage on the continuum of impairment 
of consciousness that leads ultimately to coma; sometimes 
to refer to a syndrome characteristic of lesions in the neigh- 
bourhood of the diencephalon and upper brainstem and 
called akinetic mutism; and sometimes to clinical states 
superficially similar to this but due to hysterical, depressive 
or schizophrenic illness. Stupor is thus a term without 
definite nosological status, but valuable when properly 
used in referring, in essence, to a clinical syndrome of akin- 
esis and mutism but with evidence of relative preservation 
of conscious awareness. There is a profound lack of respon- 
siveness, and evidence of impairment, or at least putative 
or apparent impairment, of consciousness. Speech and spon- 
taneous movement are absent or reduced to a minimum, 
and the patient is inaccessible to the great majority of exter- 
nal stimuli. Unlike coma and semicoma, however, the patient 
may at first sight appear to be conscious, since the eyes 
may be open and seem to be watchful. The patient may direct 
his gaze towards the examiner and the eyes may follow 
moving visual stimuli in a manner which appears to be 
purposeful rather than random. When the eyes are shut 



they may resist passive opening. Relative preservation of 
consciousness is also betrayed by the response to stim- 
ulation: strong painful stimuli may induce blinking or pur- 
poseful coordinated efforts to dislodge the noxious agent. 
Moreover, in some cases there is subsequent recall of events 
or delusional fantasies occurring in the stuporose state. 

Typically, spontaneous movements are absent but there 
may be tremors, coarse twitching or, in light stupor, restless 
stereotyped motor activity. The latter may seem to occur in 
response to hallucinatory experiences, or to display special 
meaning in stupors due to psychotic illness. Here also the 
resting posture may be awkward or bizarre, or it may be 
meaningful in the context of the patient's delusions. Reflexes 
are usually entirely normal. Complete mutism is the rule, but 
again there may sometimes be partially coherent muttering, 
or arousal may be possible to the extent of brief stereotyped 
exclamations. In light stupor there may be no sphincter dis- 
turbance, and even feeding may be possible with coaxing. 
Simple responses to commands may then be obtained, 
though these are slow, inaccurate and often ill-coordinated. 
The least severe examples may merge indefinably with 
severe psychomotor retardation in psychotic depression, or 
with severe blocking of thought and volition in catatonic 
schizophrenia. The causes of stupor and their differential 
diagnoses are considered later in this chapter. 

Organic personality change. Brain damage often results in 
changes of temperament, or changed patterns of reaction to 
events and to other people. As a result, behavioural tenden- 
cies that have previously been enduring characteristics of the 
individual are found to be altered. Areas typically affected 
include the control of emotions and impulses and aspects of 
motivation and social judgement (Lipowski 1980). Such 
'change of personality' is usually prominent in dementia, 
and is then seen along with cognitive defects. But sometimes 
brain damage may operate more directly by disruption of 
regional cerebral systems upon which the synthesis of the 
personality depends. This situation is compatible with excel- 
lent preservation of intellect to formal testing, yet the per- 
sonality change is nonetheless organic in origin. Thus when 
disturbance of cognitive processes cannot be identified, the 
term 'organic personality change' is preferable to 'dementia'. 
Most examples occur with strictly focal brain damage, the 
best known being with lesions of the frontal lobes of the brain. 
A clear discontinuity between the current and premorbid 
personality is essential if this term is to retain its meaning. 

Chronic amnesic syndrome. Disorder of memory, especially for 
recent events, is an integral part of dementia, but can also 
exist without global impairment of intellect. Such memory 
disturbance may emerge as the sole defect, as after bilateral 
hippocampal lesions, or more commonly may stand out as 
the obtrusive defect while other cognitive processes are but 
little affected. Such a syndrome may follow an acute organic 
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reaction which clears to reveal a relatively isolated defect of 
memory, as when Wernicke's encephalopathy leads to 
Korsakoff's syndrome. 

The term 'chronic amnesic syndrome' usefully describes 
the essential features of disorder in all such cases, and empha- 
sises the distinction from dementia. It may be defined as an 
organic impairment of memory out of all proportion to other 
cognitive changes. A focal rather than a diffuse brain pathol- 
ogy can be confidently predicted as described. Unfortu- 
nately, theterms'chronicamnesicsyndrome'and'Korsakoff's 
amnesic syndrome' are sometimes used interchangeably, the 
territory of the latter being allowed to expand considerably. 
Strictly speaking, the term 'Korsakoff's syndrome' should be 
restricted to those patients whose amnesia depends on 
lesions in the hypothalamus and diencephalon and is conse- 
quent upon thiamine deficiency. 

Organic hallucinosis refers to a syndrome of recurrent or per- 
sistent hallucinations, occurring in a setting of full preserva- 
tion of consciousness and awareness of the environment yet 
attributable to organic factors. The patient is not disorien- 
tated and proves capable of thinking with normal clarity 
throughout. The hallucinations occur mostly in the auditory 
or visual modalities but any sensory modality canbe affected. 
Insight into the unreal nature of the phenomena may vary 
markedly in degree, but any delusions that occur are second- 
ary to the hallucinatory experiences. Such a syndrome may 
be occasioned by circumscribed brain lesions, strategically 
placed to irritate cortical or subcortical areas, but is more 
commonly seen as a result of toxic processes. The hallucina- 
tions occurring during the early phase of alcohol withdrawal 
or after ingestion of hallucinogenic drugs are typical 
examples. 

The prototypical acute and chronic organic reactions are 
delirium and dementia respectively. These have been opera- 
tionally defined in the two current major classificatory 
systems, the Diagnostic and Statistical Manual of Mental 
Disorders (DSM)-IV and the International Classification of 
Diseases (ICD)-IO (Boxes 1.1 and 1.2). 

Delirium. There are many meanings and definitions of this 
term, sometimes embracing all varieties of acute organic 
reaction, sometimes referring to the degree of overt distur- 
bance, and sometimes confining its use to clinical pictures 
with certain specific features. Special characteristics have 
included wakefulness with ability to respond verbally, 
increased psychomotor activity, pronounced disturbance of 
affect, defective reality testing, or the appearance of produc- 
tive symptoms in the form of illusions and hallucinations. 
Delirium tremens is often taken as a prototype for delirium, 
and contrasted with the 'simple confusion' of subdued cog- 
nitive impairment in other illnesses, although this is catego- 
rised separately in DSM and ICD. In the UK it was formerly 



Box 1.1 DSM-IV and ICD-10 classifications of delirium 

DSM-IV criteria 

A Disturbance of consciousness (i.e. reduced clarity of the 
environment) with reduced ability to focus sustain or shift 
attention. 

B A change in cognition (such as memory deficit, disorientation, 
language disturbance) or the development of a perceptual 
disturbance. 

C The disturbance develops over a short period of time (usually 
hours to days) and tends to fluctuate during the course of the 
day. 

D There is evidence from the history, physical examination or 
laboratory findings that the disturbance is caused by the direct 
physiological consequences of a general medical condition/ 
substance intoxication/withdrawal/multiple aetiologies. [Each 
subcategory has its own additional criteria including 'Delirium 
not otherwise specified'.] 

ICD-10 criteria 

(a) Impairment of consciousness and attention, with reduced 
ability to direct, focus, sustain, and shift attention. 

(b) Global disturbance of cognition: perceptual distortions, 
illusions and hallucinations, mostly in the visual modality; 
impairment of abstract thinking and comprehension; 
impairment of immediate recall and recent memory; 
disorientation for time and sometimes place and person as 
well. 

(c) Psychomotor disturbance which may consist of hypoactivity 
or hyperactivity or unpredictable shifts between the two. 

(d) Disturbance of the sleep-wake cycle: insomnia, daytime 
drowsiness, sleep reversal; nocturnal worsening of 
symptoms; or disturbing dreams and nightmares which may 
continue as hallucinations on awakening. 

(e) Emotional disturbances: depression, anxiety, fear, irritability, 
euphoria, apathy or perplexity. 



traditional to reserve the term for patients whose acute cere- 
bral disorder resulted in some degree of disturbed or disrup- 
tive behaviour, i.e. to emphasise the restless hyperactivity 
and emotional disturbance which is so commonly part of the 
picture. It is clear, however, that not all patients who meet 
current criteria for delirium present like this, some showing 
predominant listlessness, inertia and dulling of the senses. In 
a daily evaluation of 125 patients who met DSM-III criteria 
for delirium in a general hospital, Liptzin and Levkoff (1992) 
classified 15% as hyperactive, 19% as hypoactive, 52% as 
mixed and 14% as neither. 

It is important to appreciate that consciousness is not 
merely quantitatively reduced in delirium, but also qualita- 
tively changed. Typically the patient becomes preoccupied 
with his own inner world which is distorted by illusions, 
hallucinations and delusions, and sometimes by powerful 
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Box 1 .2 DSM-IV and ICD-10 classifications of dementia 

For an ICD-10 research diagnosis of dementia (World Health 
Organization 1 993) there must be evidence of the following. 

1 A decline in memory affecting both verbal and non-verbal 
material, sufficient at least to interfere with everyday activities. 

2 A decline in other cognitive abilities, characterised by 
deterioration in judgement and thinking and in the general 
processing of information. Deterioration from a previously 
higher level of performance should be established. For a 
confident diagnosis both 1 and 2 must have been present for at 
least 6 months. 

3 Preserved awareness of the environment during a period 
sufficiently long to allow the unequivocal demonstration of the 
symptoms in 1 and 2; when there are superimposed episodes 
of delirium, the diagnosis of dementia should be deferred. 

4 Decline in emotional control or motivation, or a change in 
social behaviour manifest as at least one of emotional lability, 
irritability, apathy or coarsening of social behaviour. 

DSM-IV specifies individual criteria for dementia of the Alzheimer- 
type, vascular dementia, etc., the common elements being as 
follows. 

A The development of multiple cognitive deficits manifested by 
both: 

1 memory impairment; 

2 one or more of aphasia, apraxia, agnosia or disturbance of 
executive function (planning, organising, sequencing, 
abstracting). 

B Such cognitive deficits cause significant impairment in social or 
occupational functioning, and represent a significant decline 
from a previous level of functioning. 

C The course is characterised by gradual onset and continuing 
cognitive decline. 

D The deficits do not occur exclusively during the course of a 
delirium. 

Further inclusion and exclusion criteria then apply to the several 
varieties of dementia specified in DSM-IV. 



affective changes derived therefrom or more directly from 
dysfunction of specific brain systems. Even though aware- 
ness of external events is impaired, arousal may be high, ena- 
bling these productive symptoms to occur. The fluctuations 
in severity are commonly accompanied by fluctuations in 
content, manifesting as a continuously changing clinical 
picture. Many different disturbances of cerebral function can 
lead to delirium, with little that can be regarded as specific in 
the clinical pictures that result. Toxic and metabolic distur- 
bances are perhaps prone to be associated with listlessness 
and apathy, and infective processes and alcohol withdrawal 
syndromes with hyperactivity, fearfulness and prominent 
hallucinations. 



DSM-IV divides the syndrome into delirium due to a 
general medical condition, substance-induced delirium, and 
delirium due to multiple aetiologies (American Psychiatric 
Association 1994). Fundamental to all is a disturbance of con- 
sciousness (i.e. reduced clarity of awareness of the environ- 
ment) coupled with a reduced ability to focus, sustain or shift 
attention. Additional requirements are a change in cognition 
(such as memory deficit, disorientation or language distur- 
bance) or the development of a perceptual disturbance (mis- 
interpretations, illusions or hallucinations, mainly visual), 
with the proviso that these are not better accounted for by a 
pre-existing or evolving dementia. The disturbance devel- 
ops over a short period of time (usually hours to days) and 
tends to fluctuate during the course of the day. 

The ICD-10 classification (World Health Organization 
1992) similarly stresses concurrent disturbances of con- 
sciousness and attention, along with changes in cognition, 
perception, psychomotor behaviour, sleep-wake cycle and 
emotion. The disorder is usually rapid in onset, with diurnal 
fluctuations, most cases recovering within 4 weeks or less 
but sometimes continuing for up to 6 months. 

'Dementia' is used in two contexts which must be clearly dis- 
tinguished: first to label a group of specific disease entities, 
and secondly to refer to a clinical syndrome that can have 
many other causes. The specific diseases for which the term 
is used are considered in Chapter 9. They are characterised 
by progressive and widespread and inexorable brain degen- 
eration. When denoting a syndrome, however, the term may 
validly be used more widely, and can be defined very simply 
as an acquired global impairment of intellect, memory and 
personality, but without impairment of consciousness. As 
such it is almost always of long duration, usually progressive 
and often irreversible, but these features are not included as 
part of the definition. 

The syndrome therefore consists of a constellation of 
symptoms that suggest chronic and widespread brain dys- 
function. Global impairment of cognition or intellect is the 
central and essential feature, manifest as difficulty with 
memory, attention, thinking and comprehension. Other 
mental functions are usually affected concurrently, and 
changes of mood, personality and social behaviour may 
sometimes be the outstanding or even presenting features. 
Nevertheless 'dementia' should not be used to describe such 
changes unless intellectual deterioration can be identified. 

Historically the term has acquired implications for inevi- 
table decline and irreversibility. This remains true for the 
disease entities of dementia, but not for all the settings in 
which the syndrome may appear. The dementia accompany- 
ing general paresis can be arrested, and that due to head 
injury or normal-pressure hydrocephalus may improve with 
time or treatment. We are now in a new era of effective treat- 
ment for Alzheimer's and related dementias, at least in the 
short and medium terms. Thus when matters of prognosis 




Basic Concepts in Neuropsychiatry | 9 



are excluded from the definition, the term can be used what- 
ever the cause of the syndrome and whatever future thera- 
peutic discoveries may bring. 

It is also important that the syndrome be defined in terms 
of global impairment of cognitive functions and not in terms 
of diffuse cerebral damage. Focal brain damage can some- 
times lead to global impairment of intellect, memory and 
personality in addition to regional deficits. Frontal lobe 
tumours are notorious in this regard, and can produce a 
picture of dementia indistinguishable at first sight from other 
causes. In such cases it remains logical to use the term to 
describe the clinical picture which presents for attention, 
even though diffuse affection of brain tissue is not the imme- 
diate cause. Indeed some forms of dementia arebest regarded 
as the end-result of multiple focal pathologies that coalesce 
and combine to impair functions globally, as in the vascular 
dementias. It is essential, therefore, to avoid defining the 
syndrome in terms of a pathology which has yet to be 
displayed. 

The term is thus reserved for the description of a group of 
clinical symptoms, while all considerations of prognosis and 
aetiology are excluded from the definition. This has a certain 
practical importance, in that once the syndrome has been 
identified it must always dictate a search for ultimate causes. 
These may be focal or diffuse, within or without the brain, 
and may have possibilities for treatment. 

Clinical picture in acute organic reactions 
(acute brain syndrome, acute confusional 
state, 'delirium') 

The acute organic reactions are called forthby a great number 
of differentpathologicalprocesses affecting thebrain, includ- 
ing trauma, cerebral anoxia, epilepsy, metabolic derange- 
ments such as uraemia, or the toxic effects of drugs or alcohol. 
A list of causes is presented in Table 1.1. The onset is always 
fairly abrupt, though when slight in degree the disorder may 
not declare itself in an obvious fashion from the outset. The 
majority of acute organic reactions are reversible when the 
underlying pathology can be remedied, but some may 
progress directly to a chronic organic syndrome, as when an 
acute post-traumatic psychosis clears to reveal dementia or 
when Wernicke's encephalopathy results in an enduring 
amnesic syndrome. 

The clinical pictures which result are essentially due to dis- 
ruption of normal brain function by virtue of biochemical, 
electrical or mechanical disturbances. The symptomatology 
follows a surprisingly constant pattern despite these various 
causes. To some extent there are specific features depending 
on rate of development, the intensity and perhaps the nature 
of the noxious agent, but this variability is small in relative 
terms. The personality and background of the patient will 
also colour the picture, especially in minor affections and 
particularly where matters such as intensity of emotional 



disturbance or content of delusional thinking are concerned. 
The main emphasis in what follows, however, will be on 
shared and common forms of reaction. There is a growing 
tendency to treat delirium as a problem in its own right with 
an epidemiology, collection of risk factors, prognosis and 
treatment strategies (see Burns et al. 2004 for review). This 
reverses years of neglect as a topic for clinical research. The 
settings in which delirium is most commonly seen, outside 
those in which acute infections of the central nervous system 
(CNS) are endemic, are services for the elderly, those under- 
going palliative care and in the postoperative situation, 
especially following cardiothoracic procedures. Simple but 
comprehensive medical and nursing procedures to mini- 
mise and reduce the impact of delirium have now been the 
subject of clinical trials (Britton & Russell 2004). It is obvious 
that treatment of delirium should target the underlying 
cause, but managing a very disturbed patient in the mean 
time often requires judicious use of parenteral antipsychotic 
drugs or short-acting benzodiazepines. 

Impairment of consciousness 

Impairment of consciousness is the primary change in acute 
organic reactions, and in some degree is universal. It there- 
fore holds a fundamentally important place in the detection 
of acute disturbances of brain function and in the assessment 
of their severity. Other features, such as disordered psycho- 
motor activity, perception and emotion, may be more strik- 
ing but are less constantly found and are also more variable 
in their manifestations. 

Impairment of consciousness lies on a continuum that 
ranges from barely perceptible dulling of awareness to pro- 
found coma. Characteristically the impairment fluctuates 
when mild in degree, often worsening at night with fatigue 
and with decreased environmental stimulation. The fluctua- 
tions and the appearance of lucid intervals are observations 
of great clinical importance in the differential diagnosis of 
organic from non-organic psychiatric disorders, and also in 
distinguishing acute from chronic organic reactions. Daytime 
visits may find the patient at his best, and it is thus essential 
to pay attention to reports of changed behaviour as nightfall 
approaches. 

Disorders of attention 

In most conditions impairment of consciousness is accompanied by 
diminished arousal and alertness which become clinically apparent at 
some stage of the disorder. However, in others, such as delirium 
tremens, the patient may be hyperaroused and hyperalert. Arousal 
and alertness, in this context, refer to the readiness with which the 
patient responds to environmental stimuli, 'arousal' being best used 
to describe the physiological state of the organism and 'alertness' to 
describe the observational data from which this state is inferred. 

However, preserved alertness is not the sole yardstick by which 
preservation of normal consciousness is assessed. To be useful alert- 
nessmustbe coupled with an ability to select discriminatingly between 
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Table 1.1 Causes of acute organic reactions. 



Degenerative 

Dementias complicated by infection, anoxia, etc. 

Episode in Lewy body dementia 

Space-occupying lesions 

Cerebral tumour, subdural haematoma, cerebral abscess 

Trauma 

'Acute post-traumatic psychosis' 

Infection/inflammation 

Encephalitis, meningitis, HIV infection, subacute meningovascular syphilis, exanthemata, 
streptococcal infection, septicaemia, pneumonia, influenza, typhoid, typhus, cerebral malaria, 
trypanosomiasis, rheumatic chorea 

Vascular 

Acute cerebral thrombosis or embolism, episode in multi-infarct dementia, transient cerebral 
ischaemic attack, subarachnoid haemorrhage, hypertensive encephalopathy, systemic lupus 
erythematosus 

Epileptic 

Complex partial seizures, petit mal status, postictal states 

Metabolic 

Uraemia, liver disorder, electrolyte disturbances, alkalosis, acidosis, hypercapnia, remote effects of 
carcinoma, porphyria 

Endocrine 

Hyperthyroid crises, myxoedema, Addisonian crises, hypopituitarism, hypoparathyroidism and 
hyperparathyroidism, diabetic precoma, hypoglycaemia 

Toxic 

Alcohol: Wernicke's encephalopathy, delirium tremens 

Drugs: benzodiazepines and other sedatives (including withdrawal), salicylate intoxication, 
cannabis, LSD, MDMA ('ecstasy'), prescribed medications (antiparkinsonian drugs, 
scopolamine, antidepressants, steroids, antiretrovirals, anticonvulsants, etc.) 

Others: lead, arsenic, organic mercury compounds, carbon disulphide 

Anoxic 

Bronchopneumonia, congestive cardiac failure, cardiac dysrhythmias, silent coronary infarction, 
silent gastrointestinal bleeding, carbon monoxide poisoning, post anaesthesia 

Vitamin lack 

Thiamine (Wernicke's encephalopathy), nicotinic acid (pellagra, acute nicotinic acid deficiency 
encephalopathy), B 12 and folic acid deficiency 



LSD, lysergic acid diethylamide; MDMA, 3,4-methylenedioxymethamphetamine. 



those stimuli which are important and meaningful and those which 
are not. Moreover, the relevant stimuli must gain access to conscious 
awareness where they can be related to past experience and present 
needs. For these purposes alertness must be accompanied by a capac- 
ity to attend. When consciousness is impaired, certain qualities of 
attention will invariably be found to be defective, qualities referred to 
as phasic, modulated, selective or directed attention. 

These involve the capacity not merely to allow a stimulus to elicit a 
response, but to mobilise, focus, sustain and shift attention in a fluid 
and changing manner according to the needs of the moment. Whether 
the patient is hypoalert or hyperalert, it will often soon become appar- 
ent that such mechanisms are at fault. Failure to be selective can result 
in indiscriminate, often excessive, responses to stimuli with the result 



that the patient is distractible; failure to mobilise and sustain attention 
is seen in impaired concentration ; inability to shift attention can lead to 
perseveration. The examiner's difficulty in engaging with the patient 
may owe much to all these factors. A more pervasive change may also 
occur, whereby internal percepts, thoughts and images come to hold 
attention more readily than percepts from the environment, allowing 
them to become elaborated in an unrestrained manner. This would 
appear to be important in the genesis of the vivid affects, fantasies and 
hallucinations of 'delirium', as described earlier in this chapter. 

A true appreciation of the patient's level of consciousness must 
therefore include assessment not only of alertness and responsivity, 
but also of capacity to attend in a discriminating manner to what is 
going on around. 
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A minor degree of impairment of consciousness may 
present merely with complaints of vague malaise and feel- 
ings of uncertainty. It may escape detection at the time and be 
revealed only in retrospect by the amnesic gap left for the 
period in question. Other sensitive indicators are minor diffi- 
culties in judging the passage of time, in focusing attention as 
described above, or in thinking coherently. The latter again 
may initially be more apparent subjectively than to external 
observation. Sometimes there may be neglect of appearance 
and of needs, or an episode of incontinence may be an early 
sign. The sleep-wakefulness cycle is almost universally dis- 
turbed in some degree, with various combinations of insom- 
nia, vivid dreams and dream-like mentation (Lipowski 1980, 
1990). The diurnal rhythm of activity is sometimes clearly 
disordered, with a tendency to somnolence by day and excit- 
ability at night. 

With more severe degrees of impairment, the patient is 
observed to be slow in responding, loses the thread in con- 
versation, and attention to outside events is hard to arouse 
and sustain. Responses to requests may betray inadequate 
understanding or lack of volition to carry them out. Later still 
the patient is clearly drowsy, sleeps excessively and, if reusa- 
ble, shows only a torpid and muddled awareness. 

Psychomotor behaviour 

Motor behaviour usually diminishes progressively as 
impairment of consciousness increases. When left alone the 
patient shows little spontaneous activity and habitual acts 
such as eating are carried out in an automatic manner. The 
capacity for purposive action is diminished. When pressed 
to engage in activities the patient is slow, hesitant and often 
perseverative. He responds to external stimuli apathetically 
if at all, though highly charged subjective events such as hal- 
lucinatory experiences may still call forth abrupt and even 
excessive reactions. Speech is slow and sparse, answers ster- 
eotyped or incoherent, and difficult questions are usually 
ignored. There is often slurring, perseveration, or dysphasic 
difficulties. In severe cases there may be no more than inco- 
herent muttering. 

While the above is the rule with most acute affections of 
the brain, some show the reverse with restless hyperactivity 
and noisy disturbing behaviour. Delirium tremens and the 
deliria which accompany certain systemic infections are the 
well-known examples. Not surprisingly these florid cases 
figure disproportionately highly in most published accounts 
of acute organic reactions. Psychomotor activity is greatly 
increased, with an excessive tendency to startle reactions. 
Typically the overactivity consists of repetitive, purposeless 
behaviour, such as ceaseless groping or picking movements. 
Behaviour may be dictated by hallucinations and delusions, 
the patient turning for example to engage in imaginary con- 
versation, or ransacking the bedclothes for objects thought 
to be hidden there. More rarely he may perform complex 



stereotyped movements, re-enacting the driving of a car or 
miming his usual work (occupational delirium). Sometimes 
there is dangerously belligerentbehaviour. When purposive, 
the activities are usually misdirected, inappropriate or 
bizarre, and voluntary movements are often jerky and 
uneven. The overactivity is often accompanied by excite- 
ment with noisy shouting, laughing or crying. There may be 
pressure of speech with incoherent flight of ideas. Most of 
the behaviour is obviously dictated by the patient's own 
internal world, and alertness to external stimuli is seen to be 
impaired. Not uncommonly the clinical picture shows rapid 
changes from phases of overactivity to periods of apathy and 
aspontaneity. 

Thinking and reasoning 

Thought processes show characteristic changes when con- 
sciousness is impaired. In the early stages there is subjective 
slowing, with difficulty in focusing thoughts or formulating 
complex ideas. Mental fatigue may be obvious in the course 
of examination. Later, reasoning becomes less clear and 
coherent, logic is impaired and thinking is more concrete and 
literal. Even when speeded by high arousal, the thought 
content is seen to be banal and impoverished. Trains of 
thought become chaotic, showing in speech as fragmenta- 
tion and incoherence. 

An important change is in the relative importance of the 
internal and external worlds, and in the decreasing ability to 
preserve the distinction between the two. Thus perceptions 
and thoughts become inextricably interwoven (defective 
'reality testing'). Comprehension of events is impaired, with 
inability to embrace the elements of experience and relate 
them meaningfully to one another (impaired 'grasp'). The 
patient may be unaware of the most obvious features of his 
situation, whether he is standing or lying, whether indoors 
or in the street. At the same time increased significance is 
attached to subjective experiences, ideas or false perceptions, 
which come to dominate the content of consciousness. 
Bizarre thoughts and fantasies intrude into awareness, and 
false significance is attached to external cues. Illusions and 
hallucinations readily arise, and vivid dream material may 
be carried over into waking life. 

Ideas of reference and delusion formation may become 
prominent, depending to some extent on qualities in the pre- 
morbid personality. Delusions of persecution are especially 
common, and may well up suddenly with conviction. They 
usually betray their organic origin in being poorly elabo- 
rated, vague, transient and inconsistent. When conscious- 
ness is relatively clear, however, the delusions may be more 
coherently organised, with a picture more closely resembling 
schizophrenia. In rare cases delusions may persist when the 
patient has recovered from the acute illness, with an obsti- 
nate belief in the reality of the hallucinatory experiences that 
occurred. 
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Insight into cognitive difficulties is typically lost early, but 
may vary with fluctuations in the level of consciousness. 
Sometimes even in moderately severe affections the patient 
may be briefly roused to self-awareness and to a better appre- 
ciation of reality. 

Memory 

With impairment of consciousness there is disturbance of 
registration (encoding and learning), retention and recall. 
Registration of current experience is hampered by defects in 
attention, perception and comprehension. Accordingly, the 
immediate memory span for digits or similar material 
(working memory) is found to be reduced. Defective reten- 
tion leads to difficulty with new learning and this is a sen- 
sitive clinical indicator in mild stages of disorder. Recent 
(episodic) memories prove to be faulty while long-term 
memories are reasonably intact, though with moderate 
impairment of consciousness both are found to suffer. 

An early change is defective appreciation of the flow of 
time, and the jumbling of time sequences for recent events. 
This quickly leads to disorientation in time, which is some- 
times regarded as the hallmark of acute organic reactions. 
However, disorientation may be transient in the early stages, 
and a normally orientated patient may prove later to be 
amnesic for all that passed during the interview in which he 
was examined. 

Disorientation for place, and later still for person, follow 
with worsening of perceptual and cognitive disorganisation. 
Patients may maintain two incompatible attitudes towards 
their orientation without seeming aware of the inconsist- 
ency. This can emerge strikingly where orientation for place 
is concerned, the patient saying quite correctly, for example, 
that he is in hospital in one town yet interpreting his sur- 
roundings and behaving in every other way as though he 
were at home in another part of the country, a condition 
known as reduplicative paramnesia. Such correct and incor- 
rect orientations may exist side by side in a vacillating and 
unrelated manner, or be reconciled by shallow rationalisa- 
tions. The patient may insist that the two places are the same, 
or contiguous with each other, or confabulate a recent journey 
between the two. Reduplicative paramnesias may take a 
number of forms and are sometimes associated with misrec- 
ognition or reduplication of persons. They can be seen with 
chronic organic reactions as well, perhaps particularly in 
association with right hemisphere pathology (Ellis & Lewis 
2001; see also Illusions of transformation, displacement or 
reduplication, later in this chapter). False memories and con- 
fabulation may occasionally be in evidence, and misidentifi- 
cations, including pseudorecognition, are facilitated by the 
perceptual abnormalities described below. 

On recovery there is typically a dense amnesic gap for the 
period of the acute illness, though where fluctuation has 
been marked islands of memory may remain. Sometimes 
sensory impressions, and especially vivid hallucinations, 



stand out clearly and are remembered in great detail when all 
else is forgotten, attesting again to the importance of subjec- 
tive experience over external reality in severe stages of the 
disorder. 

Perception 

Quite commonly it is the more florid perceptual abnormali- 
ties that draw attention to the presence of an acute organic 
reaction in a patient suffering from some physical disease. 
However, these are not essential features in every case, and 
the diagnosis should be made by seeking out the subtle defi- 
cits in thinking, memory and attention which betray impair- 
ment of consciousness. 

Early on the patient may be aware that perception requires 
unusual effort, particularly where vision is concerned. Some- 
times, in contrast, perceptions appear subjectively to be 
hyperacute. Disturbances of vision include micropsia, mac- 
ropsia or distortions of shape and position. Disordered audi- 
tory perception may hinder clear communication. There 
may be distortions of weight and size, or bizarre disorders of 
the body image in which body parts feel shrunken, enlarged, 
misplaced or even disconnected. The whole body may feel as 
though it is tilted or floating. Disordered perception of inter- 
nal bodily sensations leads sometimes to bizarre complaints. 
Genuine physical symptoms such as vertigo, headache 
and paraesthesiae are likewise often reported in distorted 
fashion. 

Depersonalisation and derealisation are common, though 
usually incompletely expressed. Dissolution of the percep- 
tual boundaries between the self and the environment may 
give rise to terrifying feelings of imminent dissolution or loss 
of bodily and personal integrity. 

Perceptual abnormalities readily lead to misinterpreta- 
tions and illusions which are typically fleeting and changea- 
ble. The visual modality is affected most often. Difficulty 
with visual recognition combines with faulty thinking and 
memory to produce false recognitions and faulty orientation 
in place. The unfamiliar tends to be mistaken for the familiar, 
or may be interpreted as hostile or persecutory. Thus the 
patient may misidentify a nurse as a relative, or the doctor as 
an old friend or enemy. The hospital ward may be mistaken 
for home or prison. Chance noises may similarly be misinter- 
preted, contributing to delusion formation. The whole is 
often reinforced by disordered affects of fear and suspicion. 

Hallucinations are also commonest in the visual modality, 
though tactile and auditory hallucinations occur as well. 
They probably derive partly from failure to distinguish inner 
images from outer percepts, and partly from vivid dreams 
carried over into the waking state as consciousness waxes 
and wanes. Simple visual hallucinations consist of flashes of 
light, geometrical patterns or colours. More complex phe- 
nomena, sometimes kaleidoscopic in nature, may occur, with 
fully formed hallucinations of scenes, people and animals. A 
bizarre fantastic quality is not uncommon. The hallucinated 
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material may be grossly distorted, as with Lilliputian 
hallucinations where objects and people appear to be minute 
in size. The reality of the phenomena is fully accepted by the 
patient, who may react with fear and alarm but sometimes 
with interest or even amusement. 

Hallucinations appear to be particularly characteristic of 
the acute organic reactions occasioned by certain pathologi- 
cal processes. Delirium tremens remains the classic example, 
with extremely florid hallucinations as described in Chapter 
11. Along with hallucinogenic drugs, prescribed drugs with 
potent anticholinergic properties are also notorious for the 
wealth of formed and unformed hallucinations they may 
provoke. Animals are said to feature particularly frequently 
in the hallucinations of delirium tremens, and visual halluci- 
nations of 'nets' were said to characterise the organic reac- 
tions seen in bromide intoxication when this was common. 
In the setting of delirium, sensory impairments appear to 
predispose to hallucinations in the corresponding modality 
and hence are common in the elderly. 

Emotion 

In early stages, mild depression, anxiety and irritability 
may be expected, though typically the affect is shallow. 
With deeper impairment, and further impoverishment of 
mental processes, apathy usually becomes the striking 
feature, and the whole course of the illness may pass with 
indifference and emotional withdrawal. More lively affects 
are seen in conjunction with increased psychomotor activity 
when affective disturbance may become intense. Anxiety 
and fear are especially common, increasing sometimes to 
terror and panic. A state of wondering perplexity forms a 
common background to other affective states. Depression is 
frequent, elation or anger less so. Paranoid attitudes may 
show in marked hostility and suspicion. The affective reac- 
tions are often fleeting and changeable with changing delu- 
sional ideas. Sudden displays of primitive and highly 
charged emotion are often called forth by hallucinatory 
experiences. 

In part the emotional state is likely to be determined by the 
stress of the physical illness, and in part by a vague aware- 
ness of cognitive impairments. The individual's personality 
structure may contribute in considerable measure, some 
patients being predisposed to react by apathetic withdrawal 
and others by projection of fantasised dangers onto the envi- 
ronment. The extent of such influences has not been deter- 
mined, nor the degree to which the picture is shaped by 
different pathogenic agents . There are strong clinical impres- 
sions that delirium tremens tends to be accompanied by 
intense fear, hepatic encephalopathy by euphoria or depres- 
sion, and uraemia by apathy, but reliable and systematic 
comparisons have not been made. It is clear, moreover, that 
several factors are often operative together in leading to 
delirium in the individual patient, particularly in the elderly 
(Francis et al. 1990). 



Other features 

In the milder stages in particular, the definitive organic fea- 
tures may be less in evidence than those which depend on 
individual traits and characteristics. Psychological reactions 
to early cognitive impairment, or to the stress of the underly- 
ing physical disease, may dominate the picture and emerge 
in the form of neurotic symptoms. Similarly, vulnerable 
aspects of personality may be exaggerated, with the appear- 
ance of depressive, hypochondriacal or phobic features. His- 
trionic and importunate behaviour may sometimes be much 
in evidence. Hysterical conversion symptoms, usually tran- 
sient but sometimes persistent, may lead to mistakes in diag- 
nosis. Paranoid developments occur frequently, and can 
become the overriding feature at an early stage in susceptible 
individuals. A distinct schizophrenic colouring to the total 
clinical picture is likewise not uncommon. With progression 
of cognitive disorganisation the true situation usually 
becomes apparent, but mild self-limiting acute organic reac- 
tions can be misdiagnosed for some time as non-organic 
psychiatric illness. 

Clinical picture in chronic organic 
reactions (chronic brain syndrome, 
chronic confusional state, 'dementia') 

Chronic organic reactions, like acute organic reactions, result 
from many different pathological processes, yet the clinical 
picture shows a large measure of similarity from one condi- 
tion to another. A focal emphasis of pathology may produce 
special patterns of impairment, but the purpose in what 
follows is to describe the general clinical picture and to 
emphasise the shared and common forms of reaction 
that occur. 

While the majority of chronic organic reactions are due 
to diffuse and widespread affections of the brain, some 
owe their origins to focal pathology, so careful examination 
for signs of localising value must always be undertaken. 
The principal causes are listed in Table 1.2. Most of the ill- 
nesses concerned are slowly progressive with increasing dis- 
ablement, but static pictures may be seen as with arrested 
general paresis, or gradual improvement may occur as after 
head injury. In a small but extremely important group, thera- 
peutic intervention can decisively reverse the process, for 
example with myxoedema or normal-pressure hydrocepha- 
lus, or when a frontal meningioma is discovered to be 
the cause. 

Mode of presentation 

Some chronic organic reactions follow acute episodes such 
as trauma or anoxia, and are then revealed in full when the 
patient recovers consciousness, or else emerge by a process 
of transition from an acute organic reaction. The great major- 
ity, however, develop insidiously from the start. 
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Table 1 .2 Causes of chronic organic reactions. 



Degenerative 

Alzheimer's disease, multi-infarct dementia, Lewy body dementia, frontal lobe dementia, Pick's, 
Huntington's and Creutzfeldt-Jakob diseases, normal-pressure hydrocephalus, multiple 
sclerosis, Parkinson's, Schilder's and Wilson's diseases, progressive supranuclear palsy, 
progressive multifocal leucoencephalopathy, progressive myoclonic epilepsy, metachromatic 
leucodystrophy, neuroacanthocytosis, Kufs' disease, mitochondrial myopathy, etc. 

Space-occupying lesions 

Cerebral tumour, subdural haematoma 

Trauma 

Post-traumatic dementia 

Infection/inflammation 

HIV-associated dementia, general paresis, chronic meningovascular syphilis, subacute and 
chronic encephalitis, multiple sclerosis 

Vascular 

Cerebral vascular disease, etat lacunaire, cerebral autosomal-dominant arteriopathy with 
subcortical leucoencephalopathy (CADASIL) 

Epileptic 

'Epileptic dementia' 

Metabolic 

Uraemia, liver disorder, remote effects of carcinoma 

Endocrine 

Myxoedema, Addison's disease, hypopituitarism, hypoparathyroidism and hyperparathyroidism, 

hypoglycaemia 

Toxic 

Korsakoff's syndrome, 'alcoholic dementia', chronic intoxication with sedative drugs, 
manganese, carbon disulphide 

Anoxic 

Anaemia, congestive cardiac failure, chronic pulmonary disease, post anaesthesia, post carbon 
monoxide poisoning, post cardiac arrest 

Vitamin lack 

Lack of thiamine, nicotinic acid, B 12 , folic acid 



The commonest mode of onset is with evidence of impair- 
ment of memory or more general cognitive impairment with 
disorganisation of intellect. Failures of memory are usually 
noted earlier by relatives and workmates than by the patient 
himself. They show in missed appointments, apparent una- 
wareness of recent happenings, a tendency to mix up times 
or to lose things. More general cognitive failure emerges in 
slipshod work and loss of overall efficiency. The patient may 
be noticed to think and speak less coherently than usual, to 
muddle money or to fail to grasp essentials. 

Change in personality as the first manifestation is much 
less common, but when it occurs the patient is especially 
likely to come before the psychiatrist. Here intellectual defi- 
cits are mild or absent in the early stages, or pass unnoticed 
because of curtailment of activities and the use of props and 
evasions. Deterioration of manners may be the earliest sign, 



or diminished awareness of the needs and feelings of others. 
Some social blunder may disclose the problem, such as 
stealing or disinhibited behaviour out of character for the 
individual. Sometimes the earliest change is merely the exag- 
geration of long-standing personality traits such as suspi- 
ciousness or egocentricity. Neurotic traits may be elaborated 
with the production of depressive, obsessional, hysterical or 
hypochondriacal symptoms. More rarely the illness presents 
with the picture of a psychotic illness of depressive, paranoid 
or schizophrenic type in especially predisposed individuals. 
It is then only by careful examination that the onset of cogni- 
tive impairment is revealed. 

Whatever the form of presentation, the illness may declare 
itself abruptly even though its evolution has been insidious. 
Some episode of acute mental disturbance may bring the 
disease to attention. Or relatives may have adjusted to the 
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slow decline until some dramatic instance forces their atten- 
tion to the true situation. Not infrequently a tenuous adjust- 
ment is concealed until new demands must be met, for 
example on the death of a partner or a move to a new envi- 
ronment. Admission to hospital may be the step which 
reveals the disorder, and only careful retrospective enquiry 
then establishes that the onset has been gradual. Intercurrent 
illness may bring the situation to light by pushing the patient 
below the threshold at which the brain was previously 
coping, especially infection, anoxia or postoperative meta- 
bolic derangements. 

General behaviour 

Although cognitive impairment is the hallmark of chronic 
organic reactions, this may be manifest only indirectly by 
way of behavioural change. Typical early signs are loss of 
interest and initiative, inability to perform to the usual stand- 
ard, or minor episodes of muddle and confusion. Episodes of 
bizarrely inappropriate behaviour may occur, as when a 
woman unloads her shopping in the oven or prepares a meal 
at an inappropriate time. As described above, some cases 
present with changes in the field of social behaviour well 
before impairment of cognitive processes is overt. 

As the disorder progresses the same division is seen, some 
aspects of behaviour reflecting the intellectual disorganisa- 
tion, and some the change in emotional control and social 
awareness. Intellectual impairment shows as incapacity for 
decisive action, loss of application and inability to persist in a 
consistent course of conduct. Despite full alertness and the 
preservation of normal levels of consciousness the patient 
fatigues readily on mental effort. He responds appropriately 
to stimuli within his limited range of comprehension and is 
capable of directed attention as the need arises, but powers of 
concentration are impaired. Various behavioural changes 
may come into play that reflect the attempts of the personal- 
ity to cope with such defects. There is often restlessness, with 
purposeless overactivity or, alternatively, rigid adherence to 
routines and stereotyped behaviour. In this manner the 
patient may be enabled to cope for a while. When taxed 
beyond his ability, however, he may become evasive and 
sullen, or react abruptly with an explosion of primitive affect 
such as anger, anxiety or tears ('catastrophic reaction' after 
Kurt Goldstein). In the later stages hygiene and personal 
appearance are neglected and ritualistic hoarding may 
develop. Food is eaten sloppily, habits deteriorate and there 
is indifference to urinary or faecal incontinence. In contrast, 
however, some patients preserve superficial social compe- 
tence until surprisingly late in the course of the disease. 

Eventually, behaviour becomes futile and aimless, often 
with stereotypies and mannerisms. Impoverishment of 
thought is reflected in lack of purposive activity, and physi- 
cal deterioration follows with increasing weakness and 
emaciation. 



Thinking 

Thinking is impaired both qualitatively and quantitatively. 
It becomes slowed with reduced powers of concentration 
and ready mental fatigue. The content of thought is impover- 
ished, with fewer associations, inability to produce new 
ideas, and a tendency to dwell on set topics and memories 
from the past. Themes are banal and perseveration usually 
marked. The ability to reason logically and to manipulate 
concepts is impaired, likewise the ability to keep in mind 
various aspects of a situation simultaneously. Specific 
skills such as calculation are usually impaired from an 
early stage. 

Intellectual flexibility is lost, leading to difficulty in shift- 
ing from one frame of reference to another. The lack of effec- 
tive counter-ideas leads the patient to become tied to the 
immediate situations that arise, so that he is distracted by 
accidental impressions and events and becomes 'stimulus 
bound' to them. Such difficulties are compounded by inabil- 
ity to extract the essentials of a situation or experience. 
Abstract ideas present especial difficulty and concepts 
tend to be given their most literal interpretation (termed 
'concretisation') . 

Judgement is impaired early. The patient's insight is poor 
and there may be little awareness of illness at all. The more 
the complexity of the domain of functioning, the greater the 
discrepancy between the individual's appraisal of his abili- 
ties and that of his carer. False ideas readily gain ground and 
paranoid ideation is particularly common. Ideas of reference 
may reflect an exaggeration of premorbid tendencies. Delu- 
sions are typically persecutory in nature and may owe much 
to limbic dysfunction (Cummings 1992). The complexity of 
their content tends to be inversely proportional to the sever- 
ity of cognitive impairment, patients with severe dementia 
usually harbouring only simple and loosely structured false 
beliefs. Occasionally, however, they become entrenched and 
unshakeable. As Roth and Myers (1969) point out, they may 
be delusions in the technical sense, in that the beliefs are held 
in the face of evidence of their falsehood, but this is largely 
because the evidence fails to be understood not because it is 
rejected. Delusional themes are often crude and bizarre, typi- 
cally of being robbed, poisoned, threatened or deprived. The 
exception is delusional misidentification, which appears to 
be particularly associated with organic brain changes. In the 
later stages thinking appears to be restricted to circumscribed 
reiterative themes, and becomes grossly fragmented, inco- 
herent and disorganised. 

Speech 

The disturbances in thinking are mirrored in speech. The 
most characteristic disturbance is poverty of speech with 
excessive employment of cliches and set phrases. The pool of 
vocabulary is greatly reduced, and speech initiative is poor. 
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Sentences are often simple, incomplete and poorly con- 
structed, with perseveration, stereotyped utterances and 
echolalia. 

Paraphasic errors, and nominal dysphasia, are not uncom- 
mon. Barker and Lawson (1968) suggest that difficulty in 
word-finding is a general feature in dementia if care is taken 
to test with words of low frequency of usage. There may 
be little evidence of disability until the patient is pressed 
to name an object, whereupon he may show little awareness 
of his errors. This is in contrast to the situation in nominal 
dysphasia due to focal brain lesions. Sometimes he may 
improvise to produce new words, showing perseveration 
and 'clang' associations. Concretisation shows in the 
excessive use of words which refer to the self and the ten- 
dency for external stimuli to influence the words that are 
chosen. 

Ultimately, speech becomes grossly disorganised and 
fragmented, and used exclusively in the service of bodily 
needs. The patient may become mute or capable only of a 
restricted range of semicoherent ejaculations. 

Memory 

Memory disturbance is frequently the earliest sign of a devel- 
oping chronic organic reaction, and at first may be intermit- 
tent. Allison (1962) makes the important point that with 
diffuse as opposed to focal cerebral lesions the onset of 
memory disturbance can rarely be dated accurately because 
it has been of such gradual evolution. The onset may be 
marked by minor forgetfulness and 'absent-mindedness', or 
by more definite episodes in which new impressions fail to 
register and striking lapses of memory occur. Loss of topo- 
graphical memory is often seen, with the patient losing his 
way when away from home. Disorientation in time is a fre- 
quent early sign; disorientation for place and person are 
found much later in development. 

The memory defect is typically global, affecting all catego- 
ries of material and remote as well as recent events, as 
described in Chapter 2. Failure at new learning is usually the 
most conspicuous sign, but rarely there is the sharp demar- 
cation between remote and recent memory that characterises 
the purer amnesic syndromes. Recall is affected as well as 
registration and retention, as shown by increased success 
with prompting and better performance at recognition than 
at free recall. Memory for names is sometimes particularly 
affected. Temporal sequences are disorganised early, with 
faulty appreciation of the flow of time and mislocation of 
past events. Berlyne (1972) found that over one-third of an 
unselected group of demented patients showed unequivo- 
cal confabulation, sometimes representing a true memory 
displaced in time, but sometimes consisting of more sus- 
tained and elaborate productions. 

Characteristically the patient's awareness of his memory 
difficulties is impaired, or there may even be an apparently 



motivated desire to hide the deficits with facile excuses and 
shallow confabulations. In the early stages the patient may 
show surprising ingenuity in covering up his failures, and 
may compensate by means of a rigid daily routine and the 
use of a notebook. Ultimately, however, memory for current 
events may fail completely and the patient may be able to 
produce only a few jumbled recollections from the past. 

Emotion 

Emotional changes form an integral part of the clinical 
picture in chronic organic reactions and deterioration of 
emotion and intellect frequently pursue a parallel course. 

Early emotional changes probably reflect the struggle to 
cope with incipient intellectual deficits, and are coloured by 
premorbid personality characteristics. Anxiety is common, 
likewise depression with agitation and hypochondriacal 
features. Serious suicidal attempts may occur at this stage. 
Irritability leads to querulous morose behaviour, and some- 
times to outbursts of anger and hostility. Perplexity and sus- 
picion are other common early developments, leading to 
paranoid beliefs and attitudes. 

Further deterioration produces emotional changes of a 
distinctive organic type. Affective blunting and shallowness 
may progress to states of apathy or empty euphoria. Emo- 
tions may take on a child-like aspect, with petulant importu- 
nate behaviour and short-lived excessive responses to trivial 
annoyances. Thus the death of a spouse may leave the patient 
unmoved, yet interference with some simple routine may 
provoke outbursts of anger. 

Emotional control may show a characteristic threshold 
effect in which there is little response to mild stimulation but 
thereafter an excessive and prolonged disturbance. Emo- 
tional lability may be extreme, with episodes of pathological 
laughing and crying for little or no cause. The 'catastrophic 
reaction' may be observed when the patient is taxed beyond 
his ability to cope, as described in Chapter 2 (Psychiatric dis- 
turbance and aphasia) and Chapter 3 (Mood). 

The ultimate picture in progressive disease represents a 
combination of these various emotional changes, but charac- 
terised above all by increasing emptiness of affect, shallow- 
ness, dullness and lack of emotional response. 

Other features 

The impact of chronic diffuse brain disease is not entirely 
unaffected by features specific to the individual. As already 
mentioned, neurotic manifestations may be conspicuous in 
mild stages of disorder. Hysterical conversion symptoms 
and obsessional disorders may figure prominently, the 
former perhaps by virtue of increased suggestibility and the 
latter as a mode of coping with reduced resources. A predis- 
position towards affective or schizophrenic psychosis may 
lend a distinctive colouring to the clinical picture and lead to 
mistaken diagnosis in the early stages. Hallucinations can 
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occur in visual, auditory and tactile modalities, and are typi- 
cally paranoid in content. With progressive disease all such 
manifestations are usually ultimately engulfed in the general 
pattern of intellectual and social decline. 

The combination of acute and chronic organic reactions is of 
course much more common than would be predicted by their 
chance co-occurrence. Delirium superimposed on dementia 
is a common clinical problem and is recognised in interna- 
tional disease classificatory systems. Indeed, a dementing 
condition may be exposed for the first time by the superim- 
position of delirium following a relatively minor metabolic 
or toxic insult, due to the unnoticed loss of some theoretical 
cerebral 'reserve'. Other general psychiatric disorders when 
they occur in the setting of organic brain disease may be clas- 
sified separately in the ICD and DSM schemes from their 
'idiopathic', 'non-organic' counterparts. 

Clinical picture in focal cerebral disorder 

Strictly focal brain damage can be responsible for both acute 
and chronic organic reactions as well as rather characteristic 
'neurobehavioural syndromes'. Symptoms and signs of 
localizing significance may then be much in evidence, and 
must be kept in mind in the clinical assessment of all patients 
who show organic psychiatric illnesses. 

Epileptic phenomena, especially those of temporal lobe 
epilepsy, are clear examples of acute psychological distur- 
bances due to focal brain dysfunction, also some of the dis- 
turbances seen after small acute cerebrovascular accidents. 
Wernicke's encephalopathy is another classic example, with 
its own distinctive chronic end-state in the chronic amnesic 
syndrome. For obvious reasons, however, focal brain disor- 
der has been most comprehensively studied in slowly pro- 
gressive or static lesions of long duration, which allow the 
focal components to be disentangled from any generalised 
deficits that coexist. 

In Chapter 2, the complex problems of the focal signifi- 
cance of psychological symptoms are dealt with in detail. 
Here, those which emerge with fair consistency after lesions 
of different parts of the brain are described in summary form. 
Neurological defects are in general more reliable than psy- 
chological symptoms in pointing to the site of focal pathol- 
ogy, and these too will be included. In general focal signs and 
symptoms serve only to indicate the site of likely pathology, 
and are of relatively little value in themselves in suggesting 
the nature of the lesion. 

Frontal lobes 

Frontal lesions may confer distinctive changes of disposition 
and temperament subsumed under the term 'change of per- 
sonality' . Most characteristic is disinhibition, with expansive 
over-familiarity, tactlessness, over-talkativeness, childish 



excitement (moria) or prankish joking and punning ( Witzel - 
sucht). Social and ethical control may be diminished, with 
lack of concern for the future and for the consequence of 
actions. Sexual indiscretions and petty misdemeanours may 
occur, or gross errors of judgement with regard to financial 
and interpersonal matters. Sometimes there is marked indif- 
ference, even callous unconcern, for the feelings of others. 
Lack of insight into their social inappropriateness or the 
presence of any perturbation of health and functioning is 
characteristic. Elevation of mood is often seen, mainly as an 
empty and fatuous euphoria rather than as a true elation that 
communicates itself to the observer. In other cases the princi- 
pal changes are lack of initiative, aspontaneity and profound 
slowing of psychomotor activity, particularly with frontal 
lobe tumours. This may progress to a state of extreme aspon- 
taneity amounting virtually to stupor. 

Concentration, attention and ability to carry out planned 
activity are impaired by these changes, but performance on 
tests of formal intelligence is often surprisingly well pre- 
served once the patient's cooperation has been secured. Even 
with sharply circumscribed frontal lesions, however, the 
overall picture may at first sight strongly resemble a general- 
ised dementing process. The hazards of misdiagnosis are 
increased by the 'silent' nature of frontal lobe lesions, which 
can allow them to grow large before declaring themselves 
with neurological signs. 

When frontal lesions encroach upon the motor cortex or 
motor projections there will be contralateral spastic paresis, 
usually seen earliest in the face and more obvious on volun- 
tary movement than emotional expression. Paresis may be 
extremely slight, and show only as slowness of repeated 
movements or falling away of the outstretched arm. A grasp 
reflex may be the only definite sign. Firmer evidence may be 
found in hyperactive tendon reflexes and a positive Babinski 
response. Characteristic decomposition of gait may be seen, 
with trunk ataxia or awkward postures. 

Lesions affecting the orbital part of the frontal lobes may 
be associated with the 'forced utilisation' of objects presented 
to the patient, as described in Chapter 2 (Classical case 
reports). This appears to be an extension of the more com- 
monly observed forced grasping. Posterior lesions of the 
dominant lobe may produce a primary motor dysphasia, a 
motor agraphia or an apraxia of the face and tongue. Ipsilat- 
eral optic atrophy or anosmia may result from orbital lesions 
of the lobe, the latter being commonly overlooked in clinical 
examination. Sphincteric incontinence may occur surpris- 
ingly early in view of the reasonable preservation of intellect, 
and is a valuable added indication. 

Parietal lobes 

Parietal lobe lesions are associated with a rather bewildering 
variety of complex cognitive disturbances, including defects 
of language and number sense, defective appreciation of 
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external space, and disorders of thebody image. Where some 
are concerned it is uncertain how far the lesions of the pari- 
etal lobe are alone responsible, or how far adjacent lesions in 
the temporal and occipital lobes contribute to the total 
picture. These matters are dealt with in Chapter 2, but the fol- 
lowing is presented as a brief clinical guide. 

Lesions of either parietal lobe may result in visuospatial 
difficulties and topographical disorientation. Visuospatial 
difficulties are most readily exposed by asking the patient to 
copy simple drawings or construct patterns from coloured 
blocks or matchsticks, tests which reveal the presence of vis- 
uospatial agnosia or constructional dyspraxia. Defective 
performance is seen more commonly with lesions of the non- 
dominant than dominant lobe but may occur with either. 
Difficulty in locating objects in space, or in describing the 
relationships between different objects by vision alone, may 
also be observed. Topographical disorientation is revealed 
by difficulty in learning or remembering the way about, with 
the result that the patient mislocates his bed in the ward, 
fails to find the bathroom or loses himself even in familiar 
surroundings. 

Dominant parietal lobe lesions are associated with various 
forms of dysphasia, primary motor dysphasia being most in 
evidence with anterior lesions and primary sensory dyspha- 
sia with posterior lesions. The latter may include alexia in 
association with agraphia. Motor apraxia similarly accom- 
panies dominant parietal lobe lesions, and usually affects the 
limbs of both sides of the body. Various components of Gerst- 
mann's syndrome may be seen, namely finger agnosia, 
dyscalculia, right-left disorientation and agraphia. The syn- 
drome is rarely seen in its entirety and individual compo- 
nents often occur along with other parietal lobe symptoms. 
Bilateral tactile agnosia is occasionally seen, as are various 
forms of visual agnosia when the lesion lies posteriorly in the 
parieto-occipital region. 

Non-dominant parietal lobe lesions may produce dis- 
turbed appreciation of the body image and of external space, 
particularly involving the contralateral side. The left limbs 
may fail to be recognised or may be disowned by the patient. 
If paralysed or hemianaesthetic, the disability may be 
ignored or refuted (anosognosia), a part of the body may be 
felt to be absent (hemisomatognosia), or in rare cases there 
may be phantom reduplication of body parts. Neglect of the 
left half of external space may show in the omission of left- 
sided details when drawings are copied, or in the crowding 
of writing into the right-hand part of the paper. Left-hand 
turnings may be overlooked when finding the way about. 
'Dressing dyspraxia' consists of muddle when inserting 
limbs into garments or putting garments over the head. In 
addition to visuospatial agnosia there may be a marked 
defect of the recognition of faces (prosopagnosia) when the 
lesion is posterior and involves the occipital lobe. 

Neurological signs indicative of a parietal lobe lesion 
include cortical sensory loss and the phenomena of extinc- 



tion and inattention. Cortical sensory loss consists not of 
analgesia but of a more complex impairment of sensation 
and difficulty with discrimination; objects cannot be identi- 
fied by palpation (astereognosis), figures written on the hand 
cannot be named (agraphaesthesia), two-point discrimina- 
tion is impaired, and the localisation of sensory stimuli is 
inaccurate. Sensory extinction (sensory inattention) is shown 
when two parts of the body are lightly touched simultane- 
ously and that on the side contralateral to the lesion is not 
perceived. Visual inattention may be demonstrated by 
asking the patient to point to moving objects in both half- 
fields of vision; when two objects move simultaneously that 
in the contralateral half-field is ignored. 

Sensory deficits are often accompanied by evidence of 
mild hemiparesis in the limbs contralateral to the lesion. 
Deep lesions affecting the optic radiation produce a contral- 
ateral homonymous hemianopia, usually more fully devel- 
oped in the lower than the upper quadrants. 

Temporal lobes 

Lesions restricted to the poles of the temporal lobes can be 
entirely asymptomatic. More commonly, however, temporal 
lobe lesions are associated with disturbance of intellectual 
functioning, lesions of the dominant lobe more so than those 
of the non-dominant lobe. 

Dominant temporal lesions may produce language diffi- 
culties alone. This is typically a sensory dysphasia, resulting 
in severe cases in jargon productions. More posterior lesions 
on the dominant side may also impair visual aspects of 
language in the form of alexia and agraphia. Parietal lobe 
symptomatology may then also appear by way of motor 
apraxia, constructional apraxia and aspects of Gerstmann's 
syndrome. 

Non-dominant temporal lobe lesions often show a paucity 
of symptoms and signs. Sometimes, however, visuospa- 
tial difficulties are in evidence, also prosopagnosia and 
hemisomatognosia. 

Bilateral lesions of the medial temporal lobe structures can 
produce amnesic syndromes of great severity and virtually 
uncontaminated by other intellectual disturbances (see 
Chapter 2, Medial temporal amnesia). Unilateral temporal 
lobe lesions lead to a more restricted disturbance of memory 
for certain classes of material along with related perceptual 
deficits, but this is rarely a spontaneous complaint and is 
usually revealed only by special testing. Lesions on the dom- 
inant side impair the learning and retention of verbal mate- 
rial even in the absence of overt dysphasia. Non-dominant 
lesions impair the learning and retention of non-verbal pat- 
terned stimuli, such as music, or faces and drawings to which 
a name cannot be attached. 

Personality disturbances identical with those accompany- 
ing frontal lesions may occur, but will more commonly be 
associated with intellectual and neurological deficits. 
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Chronic temporal lobe lesions are notorious for their associa- 
tion with disturbance of personality, and particularly with 
emotional instability and aggression. Similarly lesions of the 
temporal lobe appear to carry an increased risk of psychotic 
disturbances akin to schizophrenia. Depersonalisation may 
be prominent, also disturbance of sexual function. Epileptic 
phenomena are common with temporal lobe lesions and 
give important evidence of localisation (Chapter 6). 

The most reliable neurological sign of deep temporal lobe 
lesions is a contralateral homonymous upper quadrantic 
visual field defect, caused by interruption of the visual radia- 
tion in the central white matter. This sign alone may occa- 
sionally betray the presence of a temporal lobe lesion in a 
dementing process that has been attributed to diffuse brain 
damage. Deep lesions may also result in a mild contralateral 
hemiparesis or sensory loss due to encroachment upon fibres 
in the corona radiata. Equilibrium and hearing are not 
impaired, even by extensive unilateral lesions of the tempo- 
ral neocortex. 

Occipital lobes 

Occipital lobe lesions lack well-established focal symptoma- 
tology except where vision is concerned. Complex distur- 
bances of visual recognition characterise lesions of the 
parastriate areas. Agnosia for written or printed material 
(alexia without agraphia), colour agnosia and 'simultanag- 
nosia' are characteristic of dominant occipital or occipito- 
temporal lesions, whereas bilateral pathology is usually 
present with visual object agnosia or prosopagnosia. Visu- 
ospatial agnosia occurs more commonly from non-dominant 
than from dominant occipitoparietal lesions, likewise meta- 
morphopsia in which the appearance of objects is distorted. 
Complex visual hallucinations are said to occur more com- 
monly from non-dominant than dominant occipital lesions. 

Lesions of the striate cortex produce homonymous defects 
in the opposite half-field of vision and occasionally simple 
visual hallucinations of patterns, flashes of light, etc. Exten- 
sive bilateral lesions may produce cortical blindness, distin- 
guished fromperipheralblindness by thenormalappearance 
of the optic fundi and the preservation of pupillary light 
reflexes. 

Corpus callosum 

Expanding corpus callosum lesions typically extend later- 
ally into adjacent parts of the hemispheres, producing a 
picture of severe and rapid intellectual deterioration along 
with changes specific to the lobes involved. Anterior tumours 
produce marked frontal lobe disturbance, often with extreme 
psychomotor retardation and aspontaneity. Dysphasia, 
apraxia and asymmetrical pyramidal signs are common 
when the parietal lobes are affected. Involvement of dien- 
cephalic structures leads to somnolence, stupor and akinesis. 
Bizarre postural motor abnormalities may strongly resemble 



the pictures seen in catatonia. Disruption of communication 
between the two hemispheres may result in lack of access of 
the non-dominant hemisphere to the speech mechanisms in 
the dominant hemisphere; there will then be left-sided 
apraxia to verbal commands, with agraphia and astereogno- 
sis in the left hand (Geschwind 1965). Lesions restricted to 
the posterior part, in association with lesions of the left occip- 
ital lobe, may result in alexia without agraphia (or pure word 
blindness) for similar reasons. 

Diencephalon and brainstem 

The most characteristic symptoms of lesions in the deep 
midline structures of the brain are amnesia of the Korsakoff 
type and hypersomnia. These may stand out against a back- 
ground of progressive intellectual deterioration or present 
initially as the sole disturbance. Amnesia that is strikingly 
more marked for recent than remote events, and is some- 
times accompanied by confabulation, is characteristic of 
lesions in the neighbourhood of the third ventricle, aqueduct 
and posterior hypothalamus. Somnolence and hypersomnia 
suggest a lesion of the posterior diencephalon and upper 
midbrain. It may fluctuate in intensity, or occur in brief 
attacks suggestive of narcolepsy. Sometimes it may progress 
to states of profound stupor or coma. Akinetic mutism ('coma 
vigil') is a characteristic syndrome in which the patient 
lies immobile and mute, though the eyes may be open and 
follow moving objects (see Chapter 6, under Diencephalic 
tumours). 

Intellectual deterioration may occur by virtue of raised 
intracranial pressure consequent upon obstruction of the 
cerebrospinal fluid circulation. Some focal lesions, however, 
produce rapidly progressive dementia without such gener- 
alised disturbance, particularly those originating within the 
thalamus. Features closely akin to the 'frontal lobe syndrome' 
may occur with diencephalic and brainstem lesions: disin- 
hibition, indifference, carelessness and euphoria. Insight 
into the changes is said to be better preserved than with the 
equivalent pictures produced by frontal lobe lesions. 
Swings of mood and sudden outbursts of violent emotion 
are also held to be characteristic. Bilateral lesions within the 
upper brainstem and diencephalon, seen for example with 
pseudobulbar palsy, are associated with extreme emotional 
lability and 'emotional incontinence'. The patient laughs or 
cries excessively in response to trivial stimuli, yet if ques- 
tioned he denies experiencing the degree of emotion he dis- 
plays, and may well be distressed at his inability to control 
the response. 

Focal neurological signs may be surprisingly absent in the 
early stages of progressive diencephalic lesions. Raised 
intracranial pressure with headache and papilloedema are 
found with the majority of obstructive lesions, though 
even here mental symptoms may be severe before this 
develops. Visual field defects will betray lesions such as 
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craniopharyngiomas which grow upwards from the sella 
turcica and compress the optic chiasma. However, the patient 
who has considerable intellectual loss may make no com- 
plaint of the visual field disturbance, and testing can some- 
times be impossible. 

Disturbance of hypothalamic function can result in poly- 
dipsia, polyuria, hyperphagia and obesity or elevation of 
temperature. Amenorrhoea or impotence may occur in the 
adult, delayed or precocious sexual development in the 
child. Involvement of the pituitary gland will result in a wide 
variety of endocrine changes, which may, however, be 
overlooked for a time when psychiatric disturbance is 
prominent. 

Thalamic lesions cause the sensory disturbances charac- 
teristic of parietal lobe lesions with, in addition, hypalgesia 
or analgesia to painful stimuli. Brainstem lesions cause char- 
acteristic cranial nerve palsies, along with evidence of dense 
long-tract motor and sensory disturbances. 

Basal ganglia 

Disorders of the basal ganglia are, in classical neurology, 
liable to present with one of the involuntary movements as 
their more visible manifestation. However, neuropsychiatric 
presentations of basal ganglia lesions are being increasingly 
recognised. Such lesions are commonly the result of degen- 
erative conditions such as Parkinson's disease and Hunting- 
ton's chorea and hence present with a gradually deteriorating 
course. By virtue of the strong reciprocal connections 
between the basal ganglia and the frontal lobes, many pres- 
entations have a strong 'frontal' flavour. These tend to be of 
the more 'negative' type, with slowing of thought, speech 
and movement and lack of spontaneity and motivationbeing 
most prominent. Indeed, depressive disorders are a common 
accompaniment as well as being a major part of the differen- 
tial diagnosis. However, apathy may give way to irritability 
and diffuse cerebral dysfunctions. Rigid patterns of be- 
haviour and repetitiveness may lead to frank obsessional- 
compulsive disorders. There is a particular constellation of 



cognitive deficits that has become known as the 'subcortical 
dementias' (see Table 1.3 and Chapter 12). 

Differential diagnosis 

The correct appraisal of patients with neuropsychiatric dis- 
orders is a test of both psychiatric and general medical skills. 
The detailed differential diagnosis of individual conditions 
will be considered in the appropriate sections elsewhere, but 
here certain general principles are outlined. 

Of first importance is the ability to distinguish between 
organic and non-organic psychiatric illness, in other words 
to recognise when identifiable brain disorder is the root cause 
of the presenting clinical picture. The nature of the cerebral 
disorder must then be determined by a process of enquiry 
that proceeds logically in accordance with reasonable expec- 
tations. A distinction between acute and chronic organic 
reactions is often helpful in deciding on probabilities, as is 
the distinction between diffuse or focal cerebral disorder. 
Thereafter the range of possible causes remains wide, and 
will also be briefly discussed below. 

Differentiation from non-organic conditions 

There can be little difficulty in deciding on an organic aetiol- 
ogy when impairment of consciousness or of cognitive proc- 
esses is marked, when there are epileptic fits, or when 
psychiatric symptoms are accompanied by obvious neuro- 
logical symptoms and signs. But this is not always the 
case. Some organic disorders can present with hallucina- 
tions, affective change or schizophrenia-like symptomatol- 
ogy and lack clear organic accompaniments throughout their 
course. Others unfold very gradually, with indefinite organic 
features and with symptomatology suggestive of virtually 
any form of psychiatric illness. Special predisposition to 
neurotic forms of reaction, or to psychotic illness, may confer 
distinctive features which for some time obscure the true 
situation. 



Table 1 .3 Characteristics of the cortical and subcortical dementias. 



Feature 


Cortical (e.g. Alzheimer's 
disease) 


Subcortical (e.g. Parkinson's and 
Huntington's diseases) 


Language 


Dysphasia early 


Reduced output 


Memory 


Recall and recognition impaired 


Some impairment in recall 


Visuospatiai 


Impaired early 


Impaired 


Calculation 


Impaired 


Preserved until late 


Executive function 


Normal early 


Reduced, especially spontaneity and flexibility 


Psychomotor 


Normal early 


Slowed 


Abnormal movements 


None (myoclonus rare) 


Chorea, tremor, stooped posture, etc. 


Personality/behaviour 


Preserved unless 'frontal lobe' 


Apathetic, withdrawn 


Mood 


Euthymic; may lack awareness 


Depression common 
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The converse is also true, since patients with non-organic 
psychiatric illness may show features that raise the possibil- 
ity of cerebral disease. For example, disorientation and minor 
impairment of consciousness may be detected at the onset of 
acute schizophrenia, also sometimes in mania and agitated 
depression, yet without evidence of identifiable brain mal- 
function either at the time or subsequently. Similarly, cogni- 
tive impairment, including difficulty with recent memory, 
may accompany purely affective disorders particularly in 
later life, as discussed in Chapter 9. Features resembling 
delirium, including characteristic disturbances of thought 
processes and even hallucinations, can occur in mania 
(Hutchinson & David 1997) and follow psychological stress, 
as in sensory deprivation or sleep deprivation. It is probable 
that subtle perturbations of brain function underlie all such 
examples, though these are not yet identifiable by routine 
clinical investigation; moreover, the possibility of their 
presence has little practical implication for treatment. 

Thus it is clear that the line of demarcation between organic 
and non-organic psychiatric disorders is not hard and fast, 
and in a substantial number of cases there can be continuing 
uncertainty. Some commentators use this to encourage an 
abandonment of the organic / non-organic distinction as if it 
were a primitive throwback to Cartesian dualism. However, 
while neuropsychiatry is the embodiment of an integrated 
approach to mind and body, it is not an excuse for woolly 
thinking or for ignoring the very real distinctions between 
classes of disorder. These distinctions remain valid and 
useful in practice for the great majority of cases. The margin 
for error is reduced when investigations are undertaken, but 
even so is not removed completely. Specialist investigations 
such as electroencephalography (EEG), psychometric 
testing, radiographic procedures and functional brain 
imaging techniques may all be helpful but can be equivocal 
and even misleading. It is important to remember that the 
more sensitive the technique, the more likely it is to yield 
false-positive results. Clinical examination therefore remains 
of the first importance, and is in any case the chief guideline 
that determines whether or not special investigations should 
be undertaken. Examples of patients in whom unusual prob- 
lems in the differentiation between organic and non-organic 
disorder have arisen, often with surprising results, have been 
described by Lishman (1992). 

Neurotic disorder may be simulated in the early stages of cere- 
bral disease by virtue of diffuse complaints of anxiety, 
depression, irritability and insomnia. The patient may 
himself complain of forgetfulness and difficulty in concen- 
tration, but these tend to be discounted because of the multi- 
tude of other vague somatic symptoms. Involuntary 
movements, tremors and akathisia may be put down to 
simple anxiety. Phobic and obsessional symptomatology is 
not uncommon at the onset, and may remain a prominent 
feature for some considerable time. It is also well known that 



one must be wary of neurotic developments beginning only 
in middle life and when the previous mental constitution 
was good, also to seek for clear evidence of adequate imme- 
diate causes for their appearance. 

Sometimes the clue may lie in the patient's attitude towards 
his symptoms. The organic patient will often tend to play 
down his deficits so that a graver picture is obtained from rel- 
atives than from the patient himself. The neurotic patient, by 
contrast, presses home his symptoms and actively seeks a 
remedy for them. The patient's evasiveness may raise suspi- 
cion, or when pressed he may display abrupt 'catastrophic' 
reactions of distress or anger. Typically also the organic 
patient's symptomatology lacks the richness and diversity 
seen in purely neurotic disorders. 

Conversion ('hysterical') disorder may also be simulated by 
organic conditions. Acute organic reactions tend to fluctu- 
ate with periods of lucidity, and symptoms may thus be 
fleeting. A shallow affective quality and a tendency to make 
light of symptoms may suggest the belle indifference of 
hysteria. In mild delirium the cardinal features of impair- 
ment of consciousness and subtle deficits of attention may 
sometimes be hard to determine, and behaviour may be 
seemingly motivated for display. Thus it may be necessary 
to watch closely for signs of perseveration, slight dysarthria 
and other minimal features that betray the organic basis of 
the disorder. 

Episodes of bizarre behaviour in hypoglycaemic attacks, 
or of paralysis in porphyria, provide well-known diagnostic 
hazards in which conversion disorders come to be suspected. 
Similar difficulty is sometimes found with periods of long- 
continued abnormal behaviour following encephalitis. 
Frank conversion symptoms may of course occur with 
chronic brain disease and be mistaken for the primary disor- 
der. It is unclear how far these reflect in some way the direct 
effects of cerebral damage, or how far they merely represent 
a psychogenic response to the patient's partial awareness of 
his deficits. Again, it is axiomatic to view with grave suspi- 
cion 'hysterical' symptoms that make their first appearance 
only in middle life. The problem of the differential diagnosis 
of pseudodementia is discussed in Chapter 9. 

Schizophrenic symptoms in association with cerebral disease 
can readily be misleading. A preponderance of visual over 
auditory hallucinations should raise suspicion of an organic 
disorder, similarly an empty or shallow affective colouring 
to delusional beliefs and passivity phenomena. Delusions in 
both acute and chronic organic reactions may take any of the 
forms seen in schizophrenia, but paranoid delusions are by 
far the most common. Certain qualities of the delusions 
strongly suggest an organic basis, namely those which are 
vague, poorly systematised, incoherent, fleeting and change- 
able, or restricted and stereotyped in content. Nevertheless, 
schizophrenic illnesses that are typical in every respect 
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occasionally prove ultimately to be founded on identifiable 
cerebral disease. Disorders of the temporal lobes are the most 
likely to present with schizophrenia-like features. 

Depressive symptoms can also give rise to difficulty. Ordinary 
affective disorder can be associated with marked slowness of 
thinking, difficulty with concentration and uncertainty with 
memory. There may be considerable doubt about the correct 
evaluation of such features, and psychometric testing may 
give equivocal results. The difficulties are increased when 
electroconvulsive treatments have already been given. 

Features that may help in distinguishing primary depres- 
sive illness from organic psychiatric disorder include the 
careful appraisal of the setting in which disturbances of con- 
centration and memory occur. In depressive illness it can 
often be observed that lack of interest or excessive anxiety 
prevent the focusing of attention on the matter in hand, 
rather than any pervasive difficulty with the organisation of 
thought and memory. Preoccupation with morbid thoughts 
may operate similarly. Typically the patient with uncompli- 
cated depression is able to give a more coherent account of 
his discomforts and a more accurate chronology of his illness 
than would be possible in the presence of cerebral disease. 
These important aspects of differential diagnosis are consid- 
ered more fully in the section on depressive pseudodementia 
(Chapter 9). 

Personality disorder is especially liable to be suspected where 
frontal lobe dysfunction is concerned, for example following 
injury or in the early stages of a frontal dementia. Irresponsi- 
ble behaviour or lapses of social conduct may be attributed to 
pre-existing personality factors, particularly when there has 
been some recent stress or problem in the patient's life. Here 
the essential clue will lie in a careful history from an inform- 
ant which reveals the change that has occurred. Other 
avenues to the differential diagnosis are less reliable. Thus 
the patient may fail to display the classic features of frontal 
lobe disturbance at interview. And psychometric testing 
cannot always be relied upon in making the distinction; cog- 
nitive ability may be well preserved, and even tests specially 
devised to reveal frontal deficits can occasionally be mislead- 
ing. Examples of frontal tumours or chronic infections 
presenting with change of disposition and behaviour are 
described in Chapter 2. Functional neuroimaging is increas- 
ingly being used to investigate the possibility of focal and 
generalised cerebral disorders presenting diagnostic diffi- 
culties. Frontal lobe dementia is described in Chapter 9. 
Special difficulty will of course arise in patients whose per- 
sonality has always been abnormal. 

Differentiation between acute and chronic 
organic reactions 

In practice this distinction is most directly made from the 
history of the mode of onset of the disorder. A short history 
and firm knowledge of an acute onset will make a chronic 



organic reaction unlikely. Onset in association with a physi- 
cal illness rather strongly suggests an acute organic reaction. 
However, when such leads are lacking close attention to phe- 
nomenology may be necessary. 

Acute rather than chronic cerebral disorder is suggested 
when there are severe perceptual disturbances and distor- 
tions, with prominent illusions and hallucinations in the 
visual modality. Defective appreciation of reality may lead to 
rich and intrusive fantasies, in contrast to the emptiness and 
impoverishment of thought characteristic of chronic organic 
reactions. Similarly, in the presence of florid behaviour dis- 
turbance, this willbe seen to be dictated by disturbed thought 
processes of a more sophisticated kind in acute than in 
chronic cerebral disorder. The affective state of the patient 
may also help with the distinction. In acute organic reactions 
the emotional disturbances are typically of a positive kind - 
fear or terror, perplexity and agitation - whereas the 
demented patient may be flat, apathetic and emotionally 
unresponsive. Emotional rapport can usually be established 
in patients showing clouding of consciousness, but tends to 
be poor in dementia. 

This said, it must be recognised that in practice the differ- 
entiation between acute and chronic organic reactions can 
sometimes be very difficult. Despite careful observation, the 
distinction may come to be revealed only by the time course 
that is followed. For example, a prolonged subacute deliri- 
ous state due to anoxia, uraemia or hepatic disorder can sim- 
ulate dementia very closely. Or the patient may be admitted 
to hospital without a history to point to the acute and recent 
onset of the disorder. Perhaps most difficulty is encountered 
with elderly patients who show postoperative disturbances, 
due to metabolic derangements or anoxia, and in whom the 
mental state was incompletely evaluated beforehand. The 
electroencephalogram may provide some guidance in such 
examples (see Chapter 3, under Electroencephalography). 
The distinction between delirium and dementia may be 
aided by a simple list of contrasting features compiled by 
Butler and Zeman (2005) (Table 1 .4). 

Differentiation between diffuse and focal lesions 

Symptoms and signs of localising significance must be care- 
fully sought in all organic psychiatric disorders, and when 
discovered must not be ignored. Local disturbances of cere- 
bral function can, of course, occur with progressive cortical 
disease before it is sufficiently extensive to produce a global 
dementia; well-known examples are a circumscribed 
amnesic syndrome in the early stages of Alzheimer 's disease 
or a frontal lobe syndrome in Pick's disease (see Chapter 9). 
Evidence of focal brain damage may also emerge later in 
the course of such disorders when the pathological changes 
become especially advanced in certain regions of the 
brain. Signs of focal damage must therefore be carefully 
assessed in relation to the clinical picture as a whole, but will 
usually dictate that further investigations should be under- 
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Table 1 .4 Delirium versus dementia. (From Butler & Zeman 2005.) 



Feature 


Delirium 


Dementia 


Onset 


Abrupt/subacute 


Insidious 


Course 


Fluctuating 


Slow progression 


Duration 


Hours to weeks 


Months to years 


Alertness 


Abnormally high or low 


Typically normal 


Sleep-wake cycle 


Disrupted 


Typically normal 


Attention 


Impaired 


Relatively normal 


Orientation 


Impaired 


Intact in early dementia 


Working memory 


Impaired 


Intact in early dementia 


Episodic memory 


Impaired 


Intact in early dementia 


Thought 


Disorganised, delusions 


Impoverished 


Speech 


Slow/rapid, incoherent 


Word finding difficulty 


Perception 


Illusions/hallucinations common 


Usually intact in early dementia 


Behaviour 


Withd rawn/ag itated 


Varies: often intact early 



taken. The important problem is to distinguish the essen- 
tially focal lesion from diffuse brain damage, because a 
remediable cause may then come to light. Finally, the neuro- 
logical examination should always be supplemented by 
careful enquiry and observation for epileptic disturbances of 
focal origin. 

Psychological symptoms of possible localising value 
include amnesia out of proportion to other cognitive deficits, 
dysphasia, somnolence, and the several aspects of parietal 
lobe symptomatology that have been discussed above. Mild 
dysphasia due to focal cerebral disease may be mistaken for 
early dementia when the patient's account is hesitant and 
incoherent, or when he is anxious and depressed as a result 
of his disability However, careful observation usually shows 
that behaviour not involving language remains substantially 
intact. Dysphasic difficulties, and especially nominal dys- 
phasia, may be seen with diffuse cerebral disorder, but then 
insight into the defect is less likely to be well preserved. 
Agnosic and apraxic deficits, and disturbances of the body 
image and of spatial orientation, likewise raise suspicion of 
focal cerebral disorder when severe and out of all proportion 
to other cognitive difficulties. Such deficits are, however, rel- 
atively common in acute organic reactions or when con- 
sciousness is impaired to a significant extent, and when 
chronic diffuse brain disease has progressed beyond the 
early stages. 

Special investigatory procedures, as outlined in Chapter 
3, are the most reliable arbiters in the distinction between 
focal and diffuse brain damage, and will often need to be 
undertaken before a firm differentiation is achieved. 

Causes of acute and chronic organic reactions 

The specific cause in the majority of cases will readily become 
apparent in the course of history-taking and examination. In 



many it is self-evident from the outset. Sometimes, however, 
the cause may be elusive and it is then essential to consider 
systematically a wide range of possibilities. These are shown 
in Tables 1.1 and 1.2. 

It is helpful in approaching a given case to consider first 
the possible causes arising within the CNS itself, then 
derangements of cerebral function consequent upon disor- 
ders in other systems of the body. This division is reflected 
approximately in the ordering of causes in Tables 1.1 and 1.2. 
Even some of the very rare conditions are remediable, and 
enquiry must therefore be extensive when the solution is not 
soon forthcoming. 

The antecedent history will give important clues, and it is 
essential that a relative or close acquaintance should be seen. 
The time and mode of onset must always be carefully estab- 
lished. The classic presenile and senile dementias usually 
begin insidiously and their history commonly extends over 
several months, whereas remediable illnesses often have an 
abrupt and relatively recent onset. Careful enquiry should 
always be made for a history of head injury, fits, alcoholism, 
drug abuse, recent illness or anaesthesia. Even in the absence 
of known head injury the possibility of subdural haematoma 
should be kept in mind, since this may follow trivial injury in 
arteriosclerotic subjects or be forgotten in alcoholics. It may 
be followed by a latent interval, and be accompanied by 
minimal neurological signs. A known epileptic tendency 
may suggest that the present disturbance is an unusually 
prolonged complex partial seizure or postictal state. Fits of 
recent onset may indicate a space-occupying lesion, or some 
acute cerebrovascular accident or injury that has left a resid- 
ual focus of brain damage. A history of alcoholism or drug 
abuse may be long concealed in some cases, even on occasion 
by relatives as well as by the patient. Suspicion may only be 
raised by indirect evidence from the patient's attitude to 
enquiry or unwillingness for hospitalisation. A history of 
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repeated episodes over a considerable period of time may 
strongly suggest that drug abuse is responsible. 

Apart from self-administered drugs, it is always impor- 
tant to enquire about medication recently prescribed. This 
may have contributed by way of toxic effects, idiosyncratic 
reactions or the lowering of blood pressure. Diuretics given 
without proper supervision may have led to electrolyte 
depletion. If the patient is a known diabetic, enquiry must be 
made about previous hypoglycaemic reactions, the current 
dose of insulin and the current diet. The list of drugs that can 
affect cognitive functions is almost limitless and idiosyn- 
cratic reactions are always possible. Hence a high index of 
suspicion is required. A useful update on medications with 
propensity to cause neuropsychiatric effects is provided by 
Turjanski and Lloyd (2005). 

A history of recent illness and operation should be noted, 
and also the quality of recovery from any recent anaesthetic. 
Previous episodes of dysphasia, paralysis or other neurolog- 
ical deficit will be suggestive of cerebral arterial disease. Any 
indications that the patient may be at risk of HIV infection 
should be noted, also a family history of illness such as Hunt- 
ington's disease. 

In patients with acute organic reactions it is still important 
to enquire for an antecedent history of failing memory or 
intellect over some period of time, since an incipient chronic 
dementia may be being aggravated by intercurrent disease. 
The adequacy of diet should be assessed in elderly patients, 
especially when living alone, or in patients of low intelli- 
gence and low economic means. Vitamin depletion is cer- 
tainly not excluded in patients suffering from presenile or 
senile dementing illnesses and may be adding to the disabil- 
ity. Finally, in the more immediate history, specific enquiry 
should always be made for headache, vomiting or visual dis- 
turbance indicative of raised intracranial pressure, and in 
Elderly patients for breathlessness, ankle swelling or subster- 
nal pain which may indicate recent cardiac decompensation. 

On examination one must pay attention to any appearance 
of physical ill health which may be token metabolic disorder, 
carcinoma or an infective process. The general appearance of 
the patient may indicate anaemia, or an endocrine disorder 
such as myxoedema that is otherwise easily missed. Dehy- 
dration may suggest uraemia or diabetic precoma. Muscular 
twitching suggests uraemia, electrolyte disturbance or 
hypoglycaemia. There may be skin lesions diagnostic of 
exanthemata or indicative of vitamin deficiency. It may be 
necessary to search closely, by 4-hourly temperature record- 
ing, for evidence of low-grade intermittent pyrexia indicat- 
ing, for example, encephalitis or cerebral abscess. Finally, 
very careful general observation may sometimes reveal the 
choreiform movements diagnostic of early Huntington's 
chorea. 

Examination of the CNS must pay careful attention to the 
optic fundi for signs of raised intracranial pressure, to abnor- 
malities of pupil size or reactions indicative of syphilis, or 



nystagmus which may suggest drug intoxication. Transient 
disorders of external ocular movement may be the essential 
sign for confirming a diagnosis of Wernicke's encephalopa- 
thy. Evidence of focal neurological defects in motor or 
sensory systems (including unsuspected visual field defects) 
will suggest a space-occupying lesion or cerebrovascular 
disease. Neck stiffness may indicate subarachnoid haemor- 
rhage or meningitis, and evidence of recent ear infection will 
raise the possibility of cerebral abscess. 

Signs of arteriosclerosis should be noted both at the periph- 
ery and in the optic fundi. The patency of the carotid arteries 
should be tested by palpation and auscultation in the neck. 
Hypertension must be assessed, likewise evidence of cardiac 
failure, heart block or recent coronary infarction. Respiratory 
infection or inadequacy must also be noted as possible causes 
of cerebral anoxia. Even in the absence of hepatic or splenic 
enlargement it may be necessary to examine for liver flap, 
spidernaevi or fetor hepaticus.lt can be importantto examine 
for prostatic enlargement. Carcinoma with secondary cere- 
bral deposits, or secondary 'remote' effects upon the CNS, 
may need to be excluded by palpation of breasts, neck, 
axillae, and rectal and vaginal examinations. A chest X-ray 
will be obligatory for exclusion of carcinoma of the lung. 

Investigations in every case should include haematology, 
erythrocyte sedimentation rate, blood urea, serum electro- 
lytes and proteins, Ever function tests, serum thyroxine, esti- 
mation of blood sugar, serological tests for syphilis, urine 
examination and chest radiography, no matter what may 
appear to be the cause. Skull radiography and EEG may be 
required, and computerised tomography (CT) or magnetic 
resonance imaging (MRI) will quite often be undertaken. It 
may be necessary to proceed with estimation of serum B r 
and folate, or urinary examination for drugs or evidence of 
porphyria. An electrocardiogram may be indicated if silent 
myocardial infarction or Stokes-Adams attacks are sus- 
pected, along with other cardiovascular specialist investiga- 
tions such as echocardiography, Doppler studies of the 
carotid arteries and coagulation screens. Immunological 
tests for autoantibodies and paraneoplastic markers may be 
valuable. The problems surrounding HIV testing and the 
need to obtain informed consent beforehand are discussed in 
Chapter 7. Lumbar puncture will sometimes be required 
when the diagnosis remains in doubt, in particular to confirm 
suspicions of intracranial infection. Further investigations 
such as a radioisotope scan or angiography will sometimes 
be indicated, though CT and MRI have greatly reduced the 
need for these. 

Causes of stupor 

Mention may be made of the differential diagnosis of stupor. 
The causes may be organic or non-organic, and the differen- 
tial diagnosis must embrace schizophrenia, depression and 
hysteria in addition to organic brain dysfunction. 
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Joyston-Bechal (1966) examined the records of 100 cases of 
stupor diagnosed at the Bethlem Royal and Maudsley Hos- 
pitals in order to obtain an indication of the frequency of dif- 
ferent causes. In this setting organic causes are seen in 
one-fifth. The essential features of the stupor were closely 
similar in the organic and non-organic cases. In 14 cases, the 
cause remained uncertain. Sometimes the true situation was 
unclear at the time of the patient's presentation, but was 
revealed in retrospect when the stupor had resolved. Amore 
recent series (Johnson 1984) had twice the prevalence of 
'organic' cases. This may reflect advances in diagnostic tech- 
niques, especially non-invasive neuroimaging. In Joyston- 
Bechal's (1966) series almost half of the stupors resolved 
within a week, and only one-fifth lasted more than a month. 
The six patients who remained in stupor for more than 6 
months were all severely brain damaged. 

Knowledge of the antecedent psychiatric history is often 
invaluable in suggesting the cause, and a careful neurologi- 
cal examination is always essential with special attention to 
signs that may indicate a diencephalic or upper brainstem 
lesion (see Diencephalon and brainstem, earlier in chapter). 
Patients with stupor due to non-organic psychiatric illness 
are more likely to show some partial preservation of ability 
to help with feeding or eliminative functions, though this is 
by no means invariable. The facial expression and posture is 
also more likely to be meaningful or show some emotional 
reaction to what is said or done. On recovery, patients with 
non-organic stupors often prove to have retained awareness 
of what transpired during the episode, whereas in organic 
stupor the level of awareness as well as the level of respon- 
siveness is usually severely diminished. 

Schizophrenic stupor is mainly a catatonic phenomenon, 
and is usually seen along with other catatonic features such 
as negativism, echopraxia, posturing or flexibilitas cerea. It 
tends to carry a poor prognosis in the long term. The patient's 
posture is often fixed and bizarre, and may have symbolic 
meaning in connection with his delusions. When disturbed 
the special posture is often resumed. The facial expression 
may be secretive or withdrawn, and may betray attention to 
hallucinatory experiences. Some schizophrenic stupors 
appear to represent withdrawal into a world of delusional 
fantasies, whereas in others it seems that nothing at all is 
experienced by the patient. The latter may represent a 
prolongation in severe form of schizophrenic blocking of 
thought and of willed action. After acute treatment with, for 
example, lorazepam or electroconvulsive therapy (ECT), 
some patients may dramatically recover and may then be 
able to explain that their immobile state was a response to 
beliefs or hallucinatory injunctions. In other cases the patient 
apparently has no recollection of the episode. An important 
diagnosis to consider is neuroleptic malignant syndrome, an 
idiosyncratic response to many antipsychotic drugs (see 
Chapter 11); regardless of cause, some authorities advocate 
ECT as an effective treatment (Fink & Taylor 2001). 



Depressive stupor may occasionally be just as profound as 
the above, and the differentiation can be difficult if the ante- 
cedent psychiatric history is unknown. U sually it can be seen 
to develop out of severe psychomotor retardation, which 
increases until there is universal motor inhibition. The 
posture and expression are sometimes indicative of sadness 
and hopelessness, and silent tears may be shed. Sometimes, 
however, the expression is apathetic and vacant. Conscious 
awareness is usually fully retained and the patient can later 
relate most of what was said and done to him. 

Manic stupor is usually described as uncommon. The 
expression may be of elation or ecstasy, and the patient may 
later report that his mind was filled with teeming ideas to the 
extent that he was unable to react to anything around him. 
Surprisingly, in Abrams and Taylor's (1976) prospective 
study of catatonic patients, mania emerged as the common- 
est diagnosis, applying also to the subgroup who had shown 
stupor. 

Hysterical and psychogenic stupors usually occur in a sit- 
uation of stress, and manifest superficial motives can often 
be discerned. Signs of conversion hysteria are commonly in 
evidence. The condition is more likely than others to wax and 
wane, and there may be a marked emotional reaction when 
sensitivesubjects are discussed. Completely passive depend- 
ence on others for feeding and toilet functions is rare, and the 
patient may show signs of irritability and annoyance when 
moved against his wishes. 

Organic stupor has many causes, the most urgent of which 
is raised intracranial pressure producing a medullary or 
midbrain pressure cone. Focal pathologies in the region of 
the posterior diencephalon or upper midbrain include 
tumours (especially craniopharyngiomas), infarctions, men- 
ingitis (especially tuberculous meningitis), neurosyphilis 
and formerly encephalitis lethargica. Senile or presenile 
dementias may lead to stupor late in their course, likewise 
HIV-associated dementia. Complex partial seizures may 
take this form, or alternatively stupor may follow briefly in 
the wake of an epileptic seizure. 

When a brain lesion is responsible for stupor, the site will 
commonly lie in the upper brainstem or mesencephalon. 
Sometimes, however, it is due to involvement of the antero- 
medial frontal lobes and adjacent septal area (Segarra 1970). 
With stupors of brainstem origin the patient tends to be apa- 
thetic and somnolent most of the time and will frequently 
show pareses of external ocular movement. Patients with 
frontal stupor are more likely to appear alert, ready to be 
roused and with seeming vigilant gaze (hyperpathic akinetic 
mutism). Lesions of the anterior congulate and its subcorti- 
cal connections seem to be implicated (Mega & Cohenour 
1997). 

Extracerebral causes that must be considered include a 
number of the conditions listed in Table 1.1. Pictures typical 
of stupor may occasionally be seen with uraemia, hypogly- 
caemia or liver disorder, or postoperatively with electrolyte 



26 | Chapter 1 



disturbance or water intoxication. Endocrine disorders 
include myxoedema, Cushing's disease, Addison's disease, 
hypopituitarism and hyperparathyroidism. Stupor may also 
emerge with severe alcoholic intoxication, other intoxica- 
tions, nicotinic acid deficiency encephalopathy, or terminally 
with certain infections such as typhus fever. It is important to 
remember that it can occasionally be seen as an adverse reac- 
tion to psychotropic medication; in Johnson's (1982) series of 
25 cases, two were due to intoxication with lithium and one 
to excessive medication with flupenthixol. The neuroleptic 
malignant syndrome in either its full-blown or partial form 
should also be considered in any person exposed to antipsy- 
chotic drugs presenting with stupor and abnormally 
increased muscle tone. The presence of pyrexia and a raised 
creatine phosphokinase level form part of the diagnostic 
criteria. 

Fortunately, with the great maj ority of organic causes there 
will be evidence of neurological dysfunction or systemic dis- 
turbance. In equivocal cases the EEG is often helpful in decid- 
ing between a psychiatric or a neurological aetiology. The 
absence of alpha rhythm and reduced reactivity is expected 
while faster rhythms may indicate a toxic or drug-induced 
state. Triphasic waves may be seen in hepatic and renal insuf- 
ficiency in young adults and spindle coma patterns are 
believed to indicate brainstem dysfunction; the EEG may 
reveal previously unsuspected non-convulsive status epi- 
lepticus (Kaplan 2004). When psychogenic causes are 
suspected, an interview under Sodium amytal or a benzodi- 
azepine may confirm the situation, while in schizophrenic 
and depressive stupors the response to ECT can be 
dramatic. 

Causes of mutism 

Mutism is rarely an isolated phenomenon, often occurring 
along with catatonic signs such as negativism, stereotypy, 
posturing or stupor. It may therefore be associated with the 
several psychiatric conditions discussed above. Important 
organic causes include head injury, posterior fossa surgery, 
encephalitis, frontal lobe lesions, the postictal phase of epi- 
lepsy, and endocrine disorders including hyperparathy- 
roidism, myxoedema, diabetic ketoacidosis and Addison's 
disease (Gordon 2001). Complete speechlessless is rare in 
aphasic disorders since there is frequently some attempt to 
communicate or vocalise. The exception is the end stage of 
frontotemporal dementia. 

Mutism without catatonic features may also be due to 
organic or non-organic causes. Dissociative states are among 
the commoner associated conditions, though here it is essen- 
tial that severe dysphasia is excluded, as outlined in Chapter 
2, Conversion disorders. In younger people, elective mutism 
is a relatively common reaction to a range of emotional dis- 
turbances and social anxiety. 

Altshuler et al. (1986) drew together collected series of 
patients presenting with mutism and attempted to assess the 



Table 1 .5 Causes of mutism. (After Altshuler etal. 1 986.) 



All causes 




Organic causes 




Schizophrenia 


6 


Stroke 


4 


Schizoaffective disorder 


2 


Postencephalitic disturbance 


2 


Other psychosis 


1 


Organic affective disorder 


2 


Affective disorder 


3 


Organic delusion syndrome 


1 


Organic disease 


10 


Phencyclidine psychosis 


1 


Total 


22 


Total 


10 



frequency of various causes. The pooled results showed that 
some 40% were likely to have affective disorder, 30% schizo- 
phrenia, 9% personality disorder and 17% an organic cere- 
bral cause. In the remainder the responsible factors were 
uncertain. The diagnoses in these authors' own series of 22 
patients presenting over a 2-year period are shown in Table 
1.5; 14 of these had shown additional catatonic signs but 
eight had presented with mutism alone. Not uncommonly 
organic causes had been overlooked initially, for example in 
a patient with stroke who was first diagnosed as having hys- 
terical aphonia, and in a patient with herpes encephalitis 
who was first thought to have catatonic schizophrenia. This 
emphasises the importance of careful neurological examina- 
tion in every case. 

Features stressed by Altshuler et al. as important in point- 
ing to a neurological cause include irregular respiration, 
abnormal pupil responses, roving eye movements, facial 
weakness and an exaggerated jaw jerk. Apsychiatric cause is 
suggested in patients who resist eye opening. Occasionally 
patients with a primary psychiatric disorder may be induced 
to whisper or communicate in writing, though the latter may 
also occur with infarctions leading to pure word-dumbness 
as described in Chapter 2 (Pure word-dumbness). The pres- 
ence of accompanying catatonic phenomena cannotbe relied 
upon as aiding the distinction between organic and non- 
organic causes. Again, however, an abreactive interview can 
often be informative. 
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Historical and conceptual background 

Neuropsychology is the branch of psychology concerned 
with the relationship between the brain, behaviour and 
thinking (cognition). The relationship is reciprocal in the 
sense that we understand the brain through its manifesta- 
tions in psychology, including behaviour and cognition, and 
we gain an understanding of behaviour and cognition 
through the actions of the brain. The twin observations that 
perturbations to the brain may lead to predictable effects 
on its output and that the path from disturbed cognition 
and behaviour leads back to the brain and its functions 
form the cornerstone of neuropsychology. Such observations 
also serve to highlight the clinical underpinnings of the 
field even at its most academic. Indeed the founding fathers 
of neuropsychology were invariably clinicians whose 
area of practice approximated that of the modern 
neuropsychiatrist. 

Certain psychological manifestations deserve particular 
attention because they are sometimes found in association 
with relatively circumscribed brain lesions. In every case 
they can also be seen with pathology which involves the 
brain diffusely or disturbs its functions widely, so their pres- 
ence is by no means a certain indication of a single localised 
lesion. Nevertheless, when they emerge as isolated defects 
or stand out prominently against a background of mild 
impairment of other cerebral functions, they command espe- 
cial care in the search for focal pathology. 

What we ask of psychological symptoms as guides to focal 
pathology must be considerably less than we expect of neu- 
rological signs. The latter will often point with fair precision 
to the site of the lesion, but psychological symptoms can 
often tell us little more than that the pathology is unlikely to 
be diffuse. The careful analysis of dysphasia or of visual per- 
ceptual deficits may take us some way towards assessing the 
site of the lesion, but even here we must usually be content 



with rather broad indications of the areas of brain that fail to 
function. Thus with rare exceptions there remains uncer- 
tainty about the 'regional' as opposed to the 'focal' implica- 
tions of most of the syndromes considered in this chapter. 
Some of them will be found to owe their origin, in different 
patients, to focal lesions in a variety of sites. 

The majority of focal psychological symptoms represent 
defects of cognitive functioning. Less can be said with cer- 
tainty about the focal significance of emotional, motivational 
or 'personality' abnormalities. 'Psychotic' symptoms, with a 
few exceptions, elude clear ties to focal brain pathology, and 
here other determinants are known to be more important. 
Nevertheless, certain non-cognitive disorders and even 
some psychotic manifestations do show interesting regional 
affiliations, and these will also be briefly reviewed. 

Strictly focal brain damage or dysfunction is rare, except 
when produced by operations on the brain. In naturally 
occurring disease we see merely a focal emphasis in pathol- 
ogy, with effects that are then compounded by the effects of 
damage elsewhere. Focal head injury, for example, is usually 
accompanied by brain damage remote from the site of princi- 
pal destruction; epileptic disturbances which originate 
focally disrupt other cerebral systems more or less widely; 
and circumscribed tumours produce distant effects by dis- 
tortion of brain tissue, vascular complications or raised 
intracranial pressure. It is not surprising therefore that 
knowledge of regional cerebral disorder has been slow to 
accumulate and raises many areas of controversy. Brain 
imaging by computerised tomography (CT) or magnetic res- 
onance imaging (MRI), and the more recent development of 
sophisticated functional imaging techniques, now hold 
promise of clarifying some of the problems in this area. Con- 
verging evidence from work with animals, experimental 
studies on healthy volunteers, simulations using mathemat- 
ical and computer models and so forth have elevated research 
in neuropsychology to a key position in relation to medicine 
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and psychiatry, rivalling in importance and excitement the 
unravelling of the genetic code. 

While neuropsychology is a relatively young discipline, 
beginning in earnest around the mid-nineteenth century, its 
conceptual basis dates back to Hippocrates (c.425 bce) and 
the doctrine that: 

the source of our pleasure, merriment, laughter, and amusement, as of 
our grief, pain, anxiety and tears is none other than the brain. It is spe- 
cially the organ which enables us to think, see, hear and to distinguish 
the ugly and the beautiful, the bad and the good, the pleasant and 
unpleasant. 

And as for neuropsychiatry, he goes on: 

It is the brain too which is the seat of madness and delirium, of the fears 
and frights which assail us ... it is there where lies the cause of insom- 
nia and sleep-walking, of thoughts that will not come, forgotten duties 
and eccentricities (quoted in Marshall and Gurd 2003). 

Cerebral localisation 

The paradigm shift came with the assertion that a particular 
part of the brain was the 'seat' of a particular psychic func- 
tion, in this case articulate language. This is usually attrib- 
uted to French neurologist Paul Broca in 1861, although some 
claim precedence for Marc Dax nearly 30 years earlier. A con- 
stant battle has run through neuropsychology ever since 
between those pursuing the localisationist' view and those 
with a more holistic view of brain functions, later termed 
'equipotentiality' by Karl Lashley in the early part of the 
twentieth century. Such battles continue to the present day. 
Holistic views of brain function fitted well with early 
humoral theories of the mind and appeared to be upheld by 
the early experiments on pigeons by Flourens (1824) in the 
first part of the nineteenth century. Strict localisationist views 
gained impetus during this period from the widespread 
credibility accorded to Franz Joseph Gall and his followers. 
Gall initially proffered a sophisticated view of the modular 
nature of brain functions but lost credibility through the doc- 
trines of phrenology, which ultimately reached the fantastic 
lengths of claiming cerebral centres for such functions as 
'hope', 'patriotism' and 'attraction to wine'. Lashley's work 
specifically addressed acquisition of knowledge. In tests of 
maze learning in rats, it was shown that the size but not the 
location of the lesion was related to impairment of learning. 
Lashley's law of mass action expressed the view that learn- 
ing ability is determined by the total mass of normally func- 
tioning cortex. 

Since the end of the nineteenth century, there has been a 
steady though far from smooth accumulation of evidence 
concerning the cerebral representation of language and of 
other symbolic 'gnostic' functions. Unfortunately, much of 
this initially depended on uncritical compilations of case 
material, and at the turn of the century the 'diagram makers' 



were frequently in confusion. Hughlings Jackson's (1869) 
theory of levels of functional organisation within the nervous 
system, and the emergence of symptoms by a process of dis- 
solution of such levels, received little attention at the time but 
has a strikingly contemporary ring, for instance in the classi- 
fication of psychiatric symptoms as positive versus negative 
(or deficit) and the discussion of 'release' phenomena such as 
hallucinations. One of the issues is that strictly focal damage 
is rarely seen, and usually the lesion touches on several zones 
and damages several overlapping systems together. Moreo- 
ver, the plasticity of organisation is such that the structure of 
a psychological function may vary with the particular mental 
task involved; for example the recall of one series may utilise 
a mnemonic logical path, and the recall of another series a 
path based on visual images. Finally, a clear distinction must 
always be maintained between the localisation of the pathol- 
ogy accounting for symptoms, and the localisation of the 
functions whose disturbance the symptoms represent. 

Despite these necessary warnings, the careful description 
and experimental exploration of cases with discrete damage 
or highly specific deficits has led to genuine leaps in concep- 
tual knowledge. This approach - with its emphasis on disso- 
ciations of function (i.e. the presence of a pattern of intact 
abilities and surprisingly marked impairments in an indi- 
vidual) or, even more informative, the contrasting patterns 
of intact abilities and marked impairments across individu- 
als (the double dissociation) - has proved decisive in neu- 
ropsychology (Shallice 1988; McCarthy & Warrington 1990). 
For example, discrete lesions in the hypothalamic- 
diencephalic region, or damage restricted to the hippocam- 
pal areas as in the case of the patient H.M. (see Medial 
temporal amnesia, later), may virtually abolish new learning 
in any modality. Thus, contra Lashley, we now have clear evi- 
dence that the proper organisation of memory functions 
involves to some considerable degree discrete systems 
within the human brain. Finally, the search for focal deficits 
has also been extended into matters other than cognitive 
function. In animals, focal brain lesions can lead to dramatic 
changes of temperament (rage reactions or placidity) 
depending on the site of the lesion. The amygdala has been 
the focus of much research in this regard. And what of higher 
functions still such as 'personality' and social behaviour? 
Certainly in monkeys interesting results can follow focal 
extirpations of brain tissue. Such demonstrations continue to 
influence our understanding of emotional disorders in neu- 
ropsychiatry but with the advent of in vivo techniques of neu- 
roimaging, less reliance need be placed on this type of animal 
experimentation. 

An alternative to strict localisationism emerged in the 
early part of the twentieth century: the postulation of brain 
systems rather than discrete regions dedicated to functions. 
An early influential example is the 'circuit' described by 
Papez (1937) of the limbic system, which he thought consti- 
tuted an essential mechanism for the elaboration of emo- 
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tional experience and emotional expression. More recently, 
Alexander etal. (1990) have mapped another system or rather 
series of circuits that links the basal ganglia and thalamus to 
the frontal cortex, from which may be derived the basic archi- 
tecture for motor control, initiation and inhibition of action 
and which is believed to be affected in tic disorders, obses- 
sive-compulsive phenomena and regulation of affect. The 
implication is that lesions interrupting the anatomically dis- 
tributed circuit at any point may result in a rather similar 
clinical picture. 

Other groupings or organising principles that are supra- 
local include the division between the left and right cerebral 
hemispheres. As noted the close affiliation between the left 
hemisphere and language was part of Broca's original insight 
and attempts have been made to characterise the left and 
right hemispheres broadly in terms of a verbal/non-verbal 
processing. This dichotomy had to broaden to take account 
of accumulating evidence for, in particular, a greater range of 
specialised functions localised in the right hemisphere 
(including language related) and non-linguistic functions of 
the left, giving rise to other contrasting pairings, for exam- 
ple analytic-holistic, serial-parallel, general impersonal- 
specific personal, but none has achieved universal accept- 
ance. A boost to the notion of lateralisation of cerebral 
functions came with the description of the disconnection 
syndromes, both naturally occurring and induced by surgi- 
cal transection of the corpus callosum and cerebral commis- 
sures (Geschwind 1965; Bogen 1985). These syndromes 
accentuate functional specialisation but also, by definition, 
show how patterns of deficits and preserved abilities can 
arise through the disruption of pathways that convey infor- 
mation between specialised areas of the brain rather than 
disruption to the areas themselves. 

Despite these fascinating debates regarding the basis of 
neuropsychological deficits, it is disturbed social behaviour 
and awareness that are at the root of the presenting com- 
plaints that dominate neuropsychiatric clinical practice. A 
recurring question is whether these can be localised to a part 
of the brain. If the favoured answer is 'yes', then the candi- 
date region is usually the frontal lobes, as discussed briefly 
in Chapter 1 (and see Executive (frontal lobe) syndromes, 
later in this chapter). From a contemporary cognitive 
neuroscience point of view, the frontal lobes represent the 
greatest challenge. The current notion is that the frontal lobes 
subserve (with other parts of a network) a collection of execu- 
tive functions, for example willed intentional action, inhibi- 
tion of pre-potent responses, selective attention, set-shifting, 
working memory (holding and manipulating information 
online), reasoning and self-awareness and possibly 'general 
intelligence'. The 'executive' metaphor is intended to convey 
the idea that such higher-level functions arise through the 
coordinated and controlled activity of subsidiary functions 
rather than the higher functions themselves being localisable 
within the frontal cortex or other region (see Neuropsy- 



chology of executive function, later for discussion). This 
would explain the myriad disparate manifestations of neu- 
ropsychiatric disorders found to be associated with disease 
or dysfunction of the frontal lobes. Finally, the unthinking 
tendency to attribute all that is interesting and unique about 
human behaviour to the frontal lobes in the misguided belief 
that this is in some way an explanation must be resisted 
(David 1992). 

Modern neuropsychology 

Many contemporary neuropsychological theories were 
anticipated by the so-called 'diagram-makers' of the late 
nineteenth century (Shallice 1988), but the inevitable limita- 
tions of their clinical data meant that their views came to be 
dismissed. The term 'neuropsychology' is often attributed to 
Hebb (1949) whose classic The Organization of Behaviour was 
subtitled A Neuropsychological Theory. However, Bruce (1985) 
pointed out that the word had a much earlier currency. Bruce 
attributed the word to Osier (1913) in an address at the Johns 
Hopkins Hospital, subsequently published. Bruce specu- 
lated that Lashley may have attended this address; Lashley's 
own first use of the term appears to have been in 1936, and he 
was appointed Research Professor of Neuropsychology at 
Harvard in 1937. 

The huge growth of neuropsychology after the Second 
World War had, perhaps, three main sources. The first was 
the influence of Hebb's classic book, which drew ideas from 
many disciplines into a unified theory and anticipated many 
contemporary notions. The second was the excellent series 
of investigations of soldiers injured by penetrating missile 
wounds in the Second World War, which considerably 
advanced our knowledge of functional localisation (and its 
limitations); parallel studies occurred in the UK (Newcombe 
1969), the former USSR (Luria 1964) and the USA (Semmes 
et al. 1963; Teuber 1962) . Thirdly, Milner 's pioneering studies 
of H.M. (Scoville & Milner 1957; Milner 1966) demonstrated 
in a dramatic fashion the devastating effects of circumscribed 
brain pathology, and the ways in which these could be inves- 
tigated by detailed experimental techniques. 

A very important consequence of this burgeoning interest 
was the founding of the journals Neuropsychologia and Cortex, 
both in 1963. The International Neuropsychological Society 
was formed in 1967. But there were limitations to empiricism 
across large patient groups, and the more theoretical 
approach of Elizabeth Warrington, her collaborators and 
successors in the UK produced important advances in our 
knowledge of topics such as amnesia, the acquired dyslexias, 
semantic memory and executive function. The intensive 
investigation of single cases to develop or refute cognitive 
models that were not that dissimilar from those of the 
'diagram-makers' culminated in the foundation of the 
journal Cognitive Neuropsychology in 1984, exemplifying this 
approach. However, despite the enormous advances made 
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in theoretical knowledge, there were always limitations to 
this approach, principally a tendency to over-generalise 
from the particular case and a failure to take account of other 
factors ('associations') that might be just as important in 
understanding cognitive performance as the identification 
of 'dissociations' in single cases. However, what seems most 
to have undermined the predominance of the 'single case' 
approach has been the requirements imposed by functional 
neuroimaging studies. 

Current debates concern the relationship of findings from 
functional neuroimaging, which identify circuits recruited 
in association with cognitive performance, and lesion 
studies, which identify sites critical to a cognitive function. 
Debate continues about whether functional imaging studies 
can truly contribute to cognitive neuropsychological theory, 
as opposed to a different level of behavioural (neurophysio- 
logical) analysis (Coltheart 2006; Shallice 2003). 

Disorders of memory 

Memory disorder is a symptom of the utmost importance in 
psychiatric practice, in that it is one of the most sensitive indi- 
cators of brain damage or dysfunction, regardless of under- 
lying pathology. 

Neurological amnesias can be transient or persistent. 
Moreover, the persistent forms can be divided into two broad 
categories: those resulting from focal and those arising from 
diffuse cerebral disorder. In the former, amnesic defects can 
result from lesions in highly discrete parts of the brain and 
stand out against the relative preservation of other cognitive 
functions. In the latter, amnesic defects form an integral part 
of more widespread cortical and subcortical disease, as in 
dementia, or part of acute or subacute cerebral dysfunction, 
as in delirium. Moreover, memory loss can result from psy- 
chogenic disturbance, where there may be brain dysfunction 
but brain damage is not causative. Therefore, after a general 
background introduction, memory disorder is considered 
below in terms of (i) transient amnesias, (ii) the brain systems 
mainly involved in memory disorders, (iii) the clinical 
picture and pattern of neuropsychological deficits in 
common amnesic states, (iv) confabulation, (v) amnesia in 
diffuse cerebral disease, and (vi) psychogenic and psychiat- 
ric forms of memory loss. 

General background introduction 

The relationship between disorder of memory and cerebral 
pathology has repaid detailed study, and clinicopathological 
correlations have here reached firmer ground than where 
many other psychological symptoms are concerned. This is 
largely because many aspects of memory are amenable to 
objective testing and because relatively discrete lesions give 
rise to memory deficits and these lesions can be mimicked in 
animal investigations. These are both features that are rarely 



encountered in other psychiatric syndromes. However, 
many controversies remain. 

Theories of memory exist at many levels. Physiological 
theories postulate changes in electrical activity of neurones 
and their interconnections; such theories serve to explain 
very short-term storage, but for the establishment of durable 
memories there must be the ability to withstand profound 
derangement of electrical activity as in anaesthesia, hypo- 
thermia or convulsions. Biochemical theories suggest 
changes in the synthesis of neurotransmitters and intracellu- 
lar proteins, or changes in gene expression within the 
neurone, but fail to take account of how brain systems operate 
and interact. Connectionist theories follow Hebb (1949) in 
postulating anatomical changes in synaptic relationships 
between cells (e.g. Meeter & Murre 2004) but some of their 
postulates are not directly testable. 

Squire (1987), Kandel and Hawkins (1992) and Tranel and 
Damasio (1995) have discussed findings in this area. Studies 
of the mollusc Aplysia, for example, have shown unequivocal 
evidence both of changes in transmitter release and morpho- 
logical alterations in synapses during learning. The discov- 
ery that brief high-frequency stimulation can alter the 
excitability of postsynaptic cells in the hippocampus for 
several hours or even weeks (long-term potentiation, LTP) 
has also been shown to have relevance to learning. The initia- 
tion of LTP is subserved by the binding of glutamate to recep- 
tors on target cells, whereas its maintenance appears to 
depend on some factor, possibly nitric oxide, which acts in a 
retrograde manner on presynaptic terminals to enhance 
transmitter release. Both electrical and biochemical theories 
are brought together by the discovery that the N-methyl-D- 
aspartate (NMDA) glutamate receptor has a channel that 
opens to extracellular ions only when the cell is depolarised. 
This dual requirement for both receptor binding and electri- 
cal depolarisation suggests that NMDA receptors may act as 
conjunction detectors in the hippocampus with a role in 
associative learning. Nevertheless, the findings from bio- 
chemistry have been disappointing, both in terms of improv- 
ing our understanding of human memory disorders and in 
terms of producing potent pharmacological agents for their 
treatment. 

Two main regions of the brain that have emerged as espe- 
cially significant in relation to anterograde amnesia are the 
diencephalon and the medial temporal lobes. They lie within 
circuitry that also encompasses the mamillary bodies, fornix 
and retrosplenium. Damage within this circuitry can selec- 
tively impair the capacity to form durable records of experi- 
ence. It is associated also with a variable retrograde gap for 
memories laid down before the damage occurred (Rempel- 
Clower et al. 1996). It used to be thought that earlier memo- 
ries remained substantially intact, and that these sites did not 
themselves represent the 'repositories' or storehouses of 
memories but were concerned with adding to the store and 
perhaps withretrieval from thestore (Squire & Alvarez 1995). 
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However, a more recent view is that the hippocampus 
(perhaps together with other medial temporal structures) is 
indeed a component in the memory engram, acting as a 
pointer or index of memories for episodes, whatever their 
age (Nadel & Moscovitch 1997) . According to this view, every 
time a memory is retrieved or reactivated a new trace is laid 
down, resulting in the accumulation of 'multiple traces'. 

Besides these parts of the brain, other neural systems must 
be implicated in the processes of remembering. We preserve 
in memory mainly those things towards which attention is 
directed, and alerting and 'executive' mechanisms must 
therefore be involved. The emotional connotations of mate- 
rial can also influence memory recall (Lishman 1972, 1974; 
Master et al. 1983; Rubin & Schulkind 1997; Buchanan et al. 
2005), and the amygdalae and frontal systems are implicated 
in this. Other variables affect the content of what is encoded 
and retrieved, such as interest and motivation, relevance, 
importance, and consistency with existing frames of refer- 
ence (Bartlett 1932; Schacter 2001). Hence, memory provides 
fertile ground for the influence of psychosocial factors and, 
in extreme instances, for the occurrence of psychogenic 
impairment. In short, the clinicopathological correlations 
obtained in neurological amnesias may reveal only a part of 
the total mechanisms involved in remembering. 

Transient amnesias 

Transient amnesias can be particularly informative because 
they are dense and then, by definition, they recover. 

Transient global amnesia (TGA) most commonly occurs in 
the middle-aged or elderly, more frequently in men. It 
encompasses a period of anterograde amnesia lasting several 
hours. It is characterised by repetitive questioning, and there 
may be some confusion, but unlike psychogenic forms 
of amnesia, patients do not report any loss of personal iden- 
tity. It is sometimes preceded by a headache or nausea, a 
stressful life event, a medical procedure, intense emotion or 
vigorous exercise. Hodges and Ward (1989) found that the 
mean duration of amnesia was 4 hours and the maximum 12 
hours. In 25% of their sample, there was a past history of 
migraine, which was considered likely to have had an aetio- 
logical role. In 7% of cases, the patient subsequently devel- 
oped epilepsy, in the absence of any previous history of 
seizures. There was no association with a past history of, or 
risk factors for, vascular disorder or transient ischaemic 
attacks. In 60-70% of the sample, the aetiology was unknown. 
Similar findings were obtained by Miller et al. (1987) in a 
sample of 150 men and 127 women. Again, the incidence of 
cerebral vascular events was no higher than would be 
expected in this age group. 

Neuropsychological testing during the episode confirms a 
profound anterograde amnesia on tests of both verbal and 
non-verbal memory, but retrograde amnesia is variable, 
usually being relatively brief but occasionally more exten- 



sive. Although the clinical impression is of complete recov- 
ery following the attack, both Miller et al. (1987) and Hodges 
and Oxbury (1990) found evidence of subtle but statistically 
significant residual impairments on some neuropsychologi- 
cal tests. There is now evidence from a number of sources 
that medial temporal lobe, vasospasm, hypoperfusion, and 
spreading depression within white matter is the underlying 
basis of TGA. Evidence supporting this hypothesis comes 
from investigations using single-photon emission computed 
tomography (SPECT), positron emission tomography (PET) 
and diffusion-weighted MRI. 

Transient epileptic amnesia (TEA) is a term coined by Kapur 
(1990). It refers to that subgroup of TGA cases in which epi- 
lepsy appears to be the underlying cause. The main differ- 
ences from other cases of TGA are that where seizure activity 
underlies the dysfunction, the episodes of memory loss are 
brief (1 hour or less), and that patients are more likely to 
experience multiple attacks (Hodges & Warlow 1990). It is 
important to note that standard electroencephalography 
(EEG) and CT or MRI findings are often normal; however, an 
epileptic basis to the disorder may be revealed on sleep- 
deprived EEG. Although 'transient epileptic amnesia' is a 
useful term, there may be variants within it, notably between 
cases in which the amnesic episodes are ictal and those in 
which they are postictal in nature. As will be mentioned 
below, it appears that many patients who report TEA attacks 
also describe 'gaps' in their past autobiographical memory. 
There is controversy about the nature of these autobiograph- 
ical memory gaps, but the most parsimonious explanation 
would be that there have been clinically undetected brief 
runs of seizure activity in the past, which resulted in faulty 
(anterograde) encoding of very specific items in autobio- 
graphical memory. Hence the patients complain of 'gaps' 
in autobiographical memory rather than more global 
impairment. 

Brain systems involved in memory disorder 
Diencephalic amnesia 

Lesions in the posterior hypothalamus and nearby midline 
structures were the first to be firmly linked with amnesia. 
They constitute the principal pathological basis of Korsa- 
koff's syndrome, and involve areas around the third ventri- 
cle, the periaqueductal grey matter, the upper brainstem, 
certain thalamic nuclei and the posterior hypothalamus. The 
mamillary bodies along with the terminal portions of the for- 
nices are nearly always affected, and publications reviewed 
by Brierley (1966) suggested that damage confined almost 
exclusively to the mamillary bodies can account for the Kor- 
sakoff memory defect. However, in a detailed neuropatho- 
logical study Victor et al. (1971) argued that lesions in the 
medial dorsal nuclei of the thalamus were of more critical 
importance, and may in fact be crucial for the development 
of amnesic symptoms in Korsakoff's syndrome. 
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Debate has continued over the relative importance of the 
mamillary bodies and the thalamic nuclei in Korsakoff 
patients, or indeed whether both must be involved together 
(Mair et al. 1979). Kopelman (1995) has reviewed evidence 
suggesting that a circuit involving the mamillary bodies, the 
mamillothalamic tracts and the anterior (rather than the 
medial dorsal) nuclei of the thalamus may be particularly 
critical for memory formation. Investigations by Mayes et al. 
(1988) and Harding et al. (2000) have supported the impor- 
tance of this circuitry, and of lesions to the anterior rather 
than medial dorsal thalamic nuclei. 

The common cause for lesions in this situation is thiamine 
deficiency, the amnesic difficulties developing as a sequel to 
Wernicke's encephalopathy (Chapter 11, Wernicke's en- 
cephalopathy). Chronic alcoholism is nowadays by far 
the commonest cause of a Wernicke episode, but other 
established causes include carcinoma of the stomach, preg- 
nancy, severe malnutrition, or persistent vomiting from any 
cause. 

The term 'Korsakoff's syndrome' is probably best reserved 
for such cases where thiamine depletion is the underlying 
aetiology, and 'amnesic syndrome' can be used more gener- 
ally to describe those disorders which follow other forms of 
damage to the same brain regions. Tumours in the neigh- 
bourhood of the hypothalamus and third ventricle may 
produce a closely similar picture (Guinan et al. 1998). Sub- 
arachnoid haemorrhage may occasionally be followed by 
a pronounced amnesic syndrome due to local haemorrhage 
or organisation of the clot in the basal regions of the brain. In 
the severe stages of tuberculous meningitis, a picture closely 
similar to Korsakoff's syndrome may be witnessed over 
many weeks; following recovery normal memory function 
gradually returns, leaving only an amnesic gap for the acute 
phase of the illness and a retrograde amnesia for a variable 
period before it (Williams & Smith 1954). The characteristic 
pathology of tuberculous meningitis in the amnesic phase is 
an inflammatory process with organisation of exudate, 
largely limited to the anterior basal cisterns of the brain and 
involving the mamillary region and the floor of the third ven- 
tricle. There is evidence to suggest that these regions have 
escaped the main impact of the infective process in those few 
cases where memory difficulties do not appear. 

While the importance of diencephalic and hypothalamic 
lesions in relation to amnesia cannot be doubted, it is impor- 
tant to remember that the pathology of Korsakoff's syn- 
drome involves additional brain regions, and that these may 
include structures which contain important neurochemical 
nuclei. There is usually concomitant frontal lobe atrophy, 
which may give rise to behavioural features such as apathy, 
and, when severe, can be the basis of confabulation (Kopel- 
man 2002). Adrenergic, serotonergic and cholinergic deple- 
tions have all been reported in Korsakoff's syndrome with 
accompanying claims of aetiological importance. None of 
these has produced any major therapeutic advance to date, 



although this may be partly because there has been a dearth 
of adequate therapeutic trials in this disorder. 

Medial temporal amnesia 

Long after the description of Korsakoff's syndrome, an 
amnesic syndrome was described that was closely similar in 
phenomenology to that of the Korsakovian defect. This was 
first fully recognised after surgical extirpation of brain tissue 
for the relief of psychotic disorders and epilepsy (Scoville 
1954; Scoville & Milner 1957). It results from bilateral lesions 
of the hippocampus and hippocampal gyrus, with variable 
involvement of structures within the parahippocampal gyri 
including the entorhinal, perirhinal and parahippocampal 
cortices (Corkin et al. 1997). In the surgical cases, the extent of 
their resection appeared to be roughly proportional to the 
severity of the memory disorder (Milner 1966), and bilateral 
lesions were required before a severe and global amnesia 
appeared. When amnesic symptoms have followed unilat- 
eral temporal lobe resection there has usually been evidence 
that the remaining hippocampal zone was also dysfunctional 
(Warrington & Duchen 1992). Unilateral resections generally 
give rise to a material-specific, more moderate memory 
impairment. Serafetinides and Falconer (1962) found that 
mild subjective forgetfulness sometimes followed unilateral 
right lobectomy, but in all such cases there was also evidence 
of a postoperative spike-discharging focus at the opposite 
temporal lobe, indicating dysfunction if not a lesion there. 

Other aetiologies can also give rise to medial temporal 
amnesia. Cerebrovascular accidents may sometimes be fol- 
lowed by the acute onset of amnesic difficulties, as in the 
patient described by Victor et al. (1961) who suffered occlu- 
sion of each posterior cerebral artery in turn, and at autopsy 
was found to have lesions in the inferomedial portions of 
each temporal lobe. Two years intervened between the two 
strokes and it was only after the second episode that the 
amnesic syndrome appeared. The severe memory impair- 
ments that follow herpes encephalitis also result from 
pathology in this distribution, since the herpes simplex virus 
has a predilection for the medial temporal lobe structures 
Including the hippocampi (Brierley et al. 1960; Cermak & 
O'Connor 1983; Wilson et al. 1995; Stefanacci et al. 2000). Evi- 
dence from epilepsy similarly points to the importance of the 
hippocampal areas for memory, since these are the regions 
implicated in complex partial seizures where amnesia 
constitutes an essential feature of the attacks, and inte- 
rictal memory complaints are common. Cerebral hypoxia 
or hypoxia /ischaemia is another cause of hippocampal 
amnesia as in the patient reported by Zola-Morgan et al. 
(1986) who developed a marked and persistent anterograde 
amnesia after ischaemic damage restricted to the CA1 fields 
of the hippocampi bilaterally. 

High-resolution MRI has proved capable of visualising 
hippocampal damage during life in amnesic patients. Press 
et al. (1989) reported three patients with circumscribed 
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amnesic states, one due to respiratory arrest and the others of 
unknown aetiology, all of whom showed bilateral hippoc- 
ampal abnormalities on coronal Tl-weighted images taken 
perpendicularly to the long axis of the hippocampus. Quan- 
tified measurements of the hippocampi on three-dimen- 
sional MRI have now been carried out in many investigations 
of amnesia and dementia (Chan et al. 2001; Colchester et al. 
2001), and good correlations with measures of anterograde 
memory can be obtained (Kopelman et al. 2001). 

Other brain structures implicated in memory processes 

Early reports suggested that the fornix bundles, which 
provide the main connection between the hippocampi and 
the hypothalamic structures, could be cut bilaterally without 
disturbing memory (Dott 1938; Cairns & Mosberg 1951). 
Such patients, however, were not subjected to formal neu- 
ropsychological evaluation. More recently, memory deficits 
have been documented after lesions of the fornix, even in the 
absence of CT or MRI evidence of damage to other key 
memory structures (Grafman et al. 1985; Hodges & Carpen- 
ter 1991). The patient reported by Tucker et al. (1988) was par- 
ticularly interesting in that a small focal astrocytoma of the 
left fornix led to a memory deficit confined to verbal mat- 
erial, much as would be expected from a left hippocampal 
lesion. Aggleton et al. (2000) reported memory disorder, par- 
ticularly affecting recall memory, in a series of patients with 
choroid cysts implicating the fornix. 

Disruption of the memory circuitry and resulting memory 
disorder also occurs in retrosplenial lesions arising from vas- 
cular accidents or with tumours of the splenium of the corpus 
callosum (Valenstein et al. 1987; Rudge & Warrington 1991). 
The retrosplenial cortex is situated in the cingulate gyrus just 
above and posterior to the splenium, and contains relays 
between the anterior nucleus of the thalamus and the medial 
temporal lobe. Retrosplenial hypometabolism is commonly 
found in amnesic disorders in fluorodeoxyglucose (FDG)- 
PET investigations, whatever the underlying aetiology 
(Reed et al. 1999, 2003, 2005; Nestor et al. 2003). 

The role of the frontal lobes in memory has been increas- 
ingly highlighted, especially since the advent of functional 
neuroimaging. Operations on the frontal lobes rarely 
produce persistently severe memory disorders, though in 
the early postoperative period there may be a striking deficit 
of retention of current experience together with patchy retro- 
grade amnesia (Klein 1952; Krai & Durost 1953). Whitty and 
Lewin (1960) described a transient memory disorder involv- 
ing especially the temporal sequence of events following 
limited ablations of the anterior cingulate cortex. The early 
amnesic patient recorded by Mabille and Pitres (1913) was 
found to have symmetrical areas of infarction in the frontal 
white matter, strategically placed to interrupt long associa- 
tion fibres from the frontal lobes to other parts of the brain. 
More recently, Wheeler et al. (1995) reviewed the evidence on 
frontal lesions and memory, finding impairments in both 



recall and recognition memory in the vast majority of 
studies. 

It remains a matter of controversy whether the frontal 
lobes play a primary role in memory per se or merely influ- 
ence memory processes by virtue of their involvement in 
attention and other executive functions. There are numerous 
pathways between the prefrontal cortex and the medial tem- 
poral lobe structures, and their interaction is a current topic 
of active research. It is now well established that there is 
frontal involvement in relation to special aspects of memory 
processes, for example in the suppression of irrelevant asso- 
ciations, in memory for temporal order and spatiotemporal 
context (source memory), and in the efficient retrieval of 
memories from the past (Mayes et al. 1985; Schacter 1987; 
Mayes 1988; Kopelman 1991). The role of superadded frontal 
lobe damage in Korsakoff's syndrome has been especially 
closely studied (see Chapter 11). There is hemispheric and 
subcortical (basal ganglia) specialisation for experience as 
displayed in verbal, visuospatial or motor learning. A tem- 
poral lobe (hippocampal) lesion in the hemisphere dominant 
for speech impairs the learning and retention of verbal mate- 
rial, resulting for example in forgetfulness for names, mate- 
rial read in newspapers or material heard in lectures. 
Conversely, patients with non-dominant temporal lobe 
lesions are impaired in memorising that which cannot be cat- 
egorised in words, such as tunes, faces and meaningless 
drawings. There is now a considerable body of experimental 
data available on such distinctions between left and right 
hemisphere lesions. 

There is now a vast literature on functional brain activa- 
tion techniques (PET, fMRI) in memory, which it is beyond 
the scope of this chapter to review. However, early investiga- 
tions suggested that the left frontal region was particularly 
involved in the encoding of episodic memories, whereas the 
right frontal region, together with the precuneus, was of par- 
ticular importance in episodic memory retrieval (Shallice et 
al. 1994; Tulving et al. 1994; Fletcher et al. 1995). In contrast, 
other investigations have produced evidence of more tradi- 
tional left-right material-specific asymmetries during 
memory encoding in both the medial temporal lobes and the 
prefrontal cortex (Golby et al. 2001). Many investigations 
have reported activations in the hippocampi and medial 
temporal lobe structures. Lepage et al. (1998) argued, on the 
basis of a matter-analysis, that anterior medial temporal acti- 
vations were associated with memory encoding and poste- 
rior activations with retrieval, whereas Schacter and Wagner 
(1999) found that encoding activations were associated with 
both anterior and posterior activations. Some studies have 
examined the relationship between frontal and hippocam- 
pal activation in consolidation (Kopelman et al. 1997), 
whereas others have reported differential patterns of hip- 
pocampal and parahippocampal activation during more 
recollective or familiarity -based memory processes (Davachi 
etal. 2003; Ranganathef al. 2004). 
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There are also functional imaging studies that have exam- 
ined the retrieval of more remote, episodic memories. Some 
investigations have reported greater hippocampal activa- 
tion in the retrieval of recent, as opposed to remote, episodic 
memories (Haist et al. 2001; Mayes et al. 2004a), whereas other 
studies have found that medial temporal lobe structures 
(the hippocampi in particular) are significantly activated in 
retrieving both recent and remote autobiographical memo- 
ries (Ryan et al. 2001; Maguire et al. 2001). More recently, 
Gilboa et al. (2004) reported that the pattern of activations 
within the hippocampi may vary between remote and recent 
memory retrieval, the latter tending to show more anterio- 
rally positioned hippocampal activations. 

Clinical picture and pattern of 
neuropsychological deficits in amnesia 

Definitions 

The clinical and neuropsychological pattern of deficits seen 
in amnesic states has been extensively studied in patients 
who are relatively free from other intellectual impairments, 
usually in patients with focal lesions in the diencephalon or 
medial temporal lobes. In clinical practice, there is often 
some degree of concomitant cortical atrophy and/or con- 
founding psychological problems such as depression or 
post-traumatic stress disorder. 

For purposes of clinical description, a somewhat arbitrary 
division can be made into immediate, recent and remote 
memory. The immediate memory span is reflected in the repro- 
duction of material such as brief digit sequences which 
fall within the span of attention. This memory span appears 
to represent the functioning of short-term memory mecha- 
nisms, which need not, even in normal circumstances, 
lead to an enduring record. (Clinically, this is often inter- 
preted as evidence that 'registration' is intact.) Recent memory 
is reflected in the ability to acquire and retain new knowl- 
edge (termed 'current memorising' or 'new learning') and 
is assumed to require a process of consolidation in addition 
to initial encoding or registration. Clinically, it is assessed 
by testing the ability to recall simple information (exceeding 
the memory span) after at least a minute has elapsed. 
Remote memory is reflected in the ability to recall events or 
facts acquired at a considerable distance in time, and 
certainly before the onset of the memory difficulties, i.e. 
an impairment in remote memory indicates retrograde 
amnesia. 

In everyday clinical practice, it is convenient to employ the 
terms 'immediate', 'recent' and 'remote' as outlined above. 
Unfortunately, however, considerable confusion has arisen 
over some of the terms commonly used in referring to 
memory mechanisms. For example, 'short-term memory' is 
used by experimental psychologists as synonymous with 
the immediate memory span, whereas in medical practice it 
is usually taken as congruent with recent memory. The term 



is best avoided or, if used, employed in a strictly experimen- 
tally defined (research) sense. 

An important division is recognised between primary and 
secondary memory mechanisms both in animal and human 
experimental work. Each has certain characteristics not 
shared by the other. Primary memory has a strictly limited 
capacity, being able to hold only a small number of unrelated 
items of information at a time. Decay from it is rapid when 
rehearsal is prevented. This is the aspect of memory tested by 
the digit span. The material held in primary memory is 
retained in a form closely tied to the qualities of the initial 
percepts (timbre, visual detail, precise verbal content, etc.); it 
is largely non-selective, and material canbe reproduced from 
it with minimal comprehension of the meaning. Subsequent 
entries to the system displace what is already there. Primary 
memory thus acts as a short-term back-up to perceptual 
experience, giving time for selective attention to focus on 
what is meaningful and valuable for processing into second- 
ary memory. 

Working memory (Baddeley 1976; Hitch 1984) is an elabora- 
tion of the concept of primary memory described above. It 
emphasises those components that can hold information in 
short-term storage and manipulate it while performing 
ongoing cognitive tasks, and it recognises the existence of 
different subsystems dealing with specialised forms of mat- 
erial. The 'articulatory loop', for example, deals with phono- 
logical information, the 'visuospatial scratch pad' with 
visual images. Suitable experimental paradigms, and studies 
in patients with brain lesions, can show the relative inde- 
pendence of the one from the other (Vallar & Papagno 1995). 

Secondary memory has very different properties. Material 
held in secondary memory is encoded more commonly in 
semantic terms, i.e. in the form of meaningful schema or con- 
cepts, and the primary qualities of the percepts may become 
somewhat obscured. The result is a far more durable record. 
There is no known limit to the amount that can be stored. Sec- 
ondary memory (also known as 'long-term memory' in 
experimental psychology) thus encompasses all material 
retained beyond a period of several seconds, and includes 
both recent and remote memories. 

Studies carried out in both normal subjects and patients 
with amnesia have generally upheld these broad divisions, 
though complex interrelationships clearly exist between 
these memory storage systems. Valuable reviews of experi- 
mental work are to be found in Squire (1987) and Parkin 
(1987). 

The episodic-semantic distinction was introduced by 
Tulving (1972) and relates to events and facts held within sec- 
ondary memory. Episodic memory refers to memory for spe- 
cific, personally experienced events or episodes from the 
individual's past and to the ability to travel back mentally in 
time. Semantic memory deals essentially with organised 
knowledge about the world which does not have a specific 
location in time or place - knowledge of objects, labels, 
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vocabulary, principles and concepts. As such, it is a shared 
form of knowledge, much of which is acquired early in life. 
Both the episodic and semantic aspects of memory can be 
affected (or spared) in memory disorders. Hence, episodic 
memory is particularly (although not usually exclusively) 
affected in the amnesic syndrome, whereas semantic memory 
is particularly damaged in semantic dementia, involving 
focal temporal lobe atrophy. 

Afurther distinction is made between explicit or declarative 
and implicit or procedural memory. Explicit or declarative 
memory refers to conscious awareness of past events or facts 
(Squire 1987). It embraces both episodic and semantic 
memory as defined above. Implicit memory refers to the 
facilitation of particular responses or to perceptuomotor 
skill acquisition and retention, which does not require (and 
may be inhibited by) conscious awareness of the learning 
episode. This 'knowing how' to do it is expressed in perform- 
ance, not in conscious recollection. The phenomenon of 
'priming' involves the facilitation of responses to cues such 
as previously perceived, partially completed or semantically 
related words. The various forms of procedural memory 
include motor skills (e.g. how to ride a bicycle or tie shoe 
laces) and the capacity to perform certain cognitive opera- 
tions (e.g. how to solve certain types of puzzle). Implicit 
memory is characteristically preserved when explicit 
memory is severely disrupted in the amnesic syndrome. 

Thus there appear to be several independent memory 
systems, and these are related to different neural networks 
within the brain. Explicit episodic memory is damaged by 
medial temporal and diencephalic lesions. There is some evi- 
dence that impairments in skill learning may be related to 
damage in the striatum, and priming effects to neocortical 
pathology (Squire 1986; Kopelman 2002). Semantic memory 
is particularly affected by atrophy or pathology in the infe- 
rior and lateral temporal lobes, more commonly on the left. 

Clinical picture 

In the amnesic syndrome, perception is unimpaired, the 
immediate memory span is well preserved, and there is 
severe impairment of new learning (anterograde amnesia) 
and a variable retrograde amnesia usually with a so-called 
'temporal gradient', i.e. relative sparing of early memories. 

Preservation of the immediate memory span is a point 
of importance clinically. Performance on a test of digit span 
is usually normal, and therefore will fail to reveal the exist- 
ence even of a severe amnesic syndrome. Patients with bilat- 
eral temporal lobe resection, in whom good ability to 
cooperate is well preserved, have shown that in the absence 
of distraction such brief information can be retained for as 
long as several minutes by dint of constant verbal rehearsal. 
However, forgetting occurs as soon as new activity demands 
a shift away from the task in hand. Moreover, the learning of 
a list which only slightly exceeds the normal digit span is 
markedly impaired, revealing the essential difficulty in 



getting new material into longer term store (Drachman & 
Arbitl966). 

Current and recent memory (i.e. new learning) is severely 
impaired, and disorientation in time is almost universal. In 
the most extreme cases, new learning may be reduced to vir- 
tually nil, so that as time goes by there is a continuing and 
extending anterograde amnesia. If recovery subsequently 
occurs (e.g. following head injury), a dense and permanent 
gap will be left for the period of the illness. In less severe 
examples the problem shows as uncertainty about events 
that occurred minutes, days or weeks before, some being 
vaguely recalled and others having made no lasting impres- 
sion at all. The retelling of simple stories is marked by gross 
omissions, incorrect juxtapositions and condensations of 
material. Testing reveals that the problem affects all types of 
material, both verbal and non-verbal, such as word associa- 
tions, drawings and numbers. 

It seems clear also that these defects of memory are to a 
large extent independent of the significance of the material 
involved. Events of high emotional significance may some- 
times appear to be remembered especially well (Hamman 
et al. 1997) but this is not always the case. Milner (1966) 
reported of H.M.: 

His initial emotional reaction may be intense, but it will be short-lived, 
since the incident provoking it will soon be forgotten. Thus, when 
informed of the death of his uncle, of whom he was very fond, he 
became extremely upset, but then appeared to forget the whole matter 
and from time to time thereafter would ask when his uncle was coming 
to visit them; each time, on hearing anew of his uncle's death, he would 
show the same intense dismay, with no sign of habituation. 

Victor (1964), in a group of alcoholic Korsakoff patients, was 
unable to discern any factors that governed what was remem- 
bered and what was forgotten. A patient might fail to retain 
news of a bereavement which shocked him profoundly at the 
time, yet retain other matters of no significance whatever. 
More recently, evidence has been reported that a number of 
severe amnesic patients show very slow acquisition of 
semantic memories, possibly by cortical mechanisms, in 
the absence of discernible episodic memory acquisition 
(McCarthy et al. 2005). 

Despite such pervasive deficits, procedural memory is 
well preserved, even in the most severely affected patients. 
Milner 's (1966) patient, for example, showed a normal learn- 
ing curve for a task of mirror drawing, even though on each 
test occasion he was completely unaware that he had tried 
the task before. Other motor and perceptual skills, such as on 
pursuit-rotor tasks or (more importantly) musical skills, are 
well preserved even if the patients lacks awareness of still 
having these skills (Corkin 1968; Starr & Phillips 1970; Wilson 
et al. 2008). 'Priming effects' are largely preserved, as when 
prior presentation of a word increases the tendency to 
produce that word when its initial letters are shown some 



38 | Chapter 2 



minutes later (Squire et al. 1987). Thus the forms of memory 
that are accessible only in performance, and not as acts of 
conscious recollection or recognition, appear to be spared in 
the classic amnesic syndrome. 

The retrograde amnesia often covers a period of months, 
years or even decades before the onset of the illness. This is 
usually dense for events just prior to the onset, but may be 
incomplete, patchy and lacking in detail for the earliest 
memories. Time sense is characteristically disordered within 
the retrograde gap, with jumbling of the sequential ordering 
of those events which are recalled. In patients with Korsa- 
koff's syndrome of alcoholic origin, the retrograde amnesia 
characteristically extends back 20-25 years, sometimes 
longer, and shows a clear-cut temporal gradient (Kopelman 
1989). In discrete amnesic syndromes of other aetiologies the 
retrograde amnesia is very variable according to case reports 
and experimental investigations. Some studies report a short 
retrograde loss of 2-4 years in hippocampal lesions (Reed & 
Squire 1998; Kapur & Brooks 1999), others a much more 
extensive retrograde loss (Viskontas et al. 2000; Cipolotti 
etal. 2001). 

According to Ribot's (1882) 'law', early memories are 
always relatively preserved, but there is now considerable 
controversy about whether this always occurs or whether it 
reflects a clinical impression based on oft-repeated stories. 
The issue relates to the various theories which purport to 
explain the occurrence of retrograde amnesia (see below). 

Disturbance of time sense and of the ordering of events is 
an outstanding characteristic, particularly in Korsakoff's 
syndrome. The patient may allocate some recent remem- 
bered event to the distant past, or (much more commonly) 
bring up a past event as a recent happening. He may con- 
dense long periods of time or telescope repeated happenings 
into one (Korsakoff 1889; Victor et al. 1971). This affects recent 
memory and the period of the retrograde gap particularly, 
but may be observed for more remote happenings as well. 
Talland (1965) suggested that the problem is due not to a loss 
of appreciation of the flow of time, but rather to 'contextual 
isolation'; that is to say, events within the memory store 
appear to lose relationship with the totality of experience 
which surrounds them, sometimes referred to as a loss of 
'temporal tagging'. 

Other cognitive functions are relatively well preserved, 
and the above amnesic deficits are out of all proportion to 
other disturbances of intellect or behaviour (Victor et al. 
1971). In particular the patients are alert, responsive to their 
environments and without any evidence of clouding of con- 
sciousness. However, where pathology is more widespread, 
as can occur in Korsakoff's syndrome, cerebral hypoxia, vas- 
cular pathology or herpes encephalitis, the situation is less 
straightforward. Other cognitive functions may be disor- 
dered when carefully examined (Talland 1965; Zangwill 
1966; Victor et al. 1971). Where there is concomitant frontal 
lobe involvement, there is often difficulty in sustaining 



mental activity, coupled with inflexibility of set and reduced 
capacity to shift attention from one task or train of thought to 
another. Thinking is usually stereotyped, perseverative and 
facile, with inadequate concept formation and defective 
ability to categorise. Butters and Cermak (1980) found visuo- 
perceptual impairments in Korsakoff patients when sought 
by special tests, for example the digit-symbol substitution 
test, hidden figures test, or tests requiring the sorting and 
discrimination of complex visual stimuli. However, all these 
impairments are nonetheless overshadowed by the promi- 
nence of the memory disorder. It is this disproportion 
between severe memory deficits and other (subtle) cognitive 
deficits that defines the amnesic syndrome. However, there 
are undoubtedly transitional forms between the classic 
picture and patients with variable degrees of more global 
cognitive impairment. 

In Korsakoff's syndrome, and some other amnesic patients 
(e.g. following herpes encephalitis), there may be certain 
marked disturbances of personality. There is often a pro- 
nounced degree of apathy and loss of initiative, a bland or 
even fatuous disposition, and a tendency towards self- 
neglect. Left alone, the patient occupies himself poorly, 
makes few demands or enquiries from those around, and 
obeys instructions in a passive and indifferent manner. A 
virtual disinterest in alcohol may represent a particularly 
striking change. Lack of insight is also almost universal; few 
severely amnesic patients are overtly aware of their deficits, 
and in those who do the gravity of these defects is minimised 
or explained away by facile rationalisations. 

The neuropsychological deficit 

The amnesic syndrome was for many years regarded as re- 
flecting a failure of consolidation of new experience. Thus 
while the immediate memory span is normal, and early mem- 
ories may remain substantially intact, current experience 
cannot gain proper access to the secondary memory (Milner 
1966). However, a simple consolidation hypothesis is hard 
pressed to explain why some forms of cueing can improve 
performance, or why patients can achieve better results on 
recognition tests than when tested by free recall. Moreover, if 
consolidation were the explanation of an extensive retrograde 
amnesia, where it occurs, this would imply that the process 
of physiological consolidation lasts for years, even decades. 

Butters and colleagues stressed the role of deficient seman- 
tic encoding of information in leading to the poor perform- 
ance of amnesic subjects (Butters & Cermak 1980). This, it 
was argued, might account in considerable degree for their 
failure to store material adequately. Thus, patients with 
Korsakoff's syndrome were found to rely unduly on simple 
acoustic encoding of the information they receive, rather 
than analysing it more deeply in terms of semantic meaning. 
Moreover, they use inappropriate strategies for the rehearsal 
and 'chunking' of information, all rendering information 
more susceptible to interference and rapid decay. When spe- 
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cifically instructed to attend to the semantic features of pre- 
sented stimuli, for example in terms of categories, attributes 
or meaning, patients with Korsakoff's syndrome are found 
to achieve a somewhat improved performance on memory 
tasks, although considerable impairment remains (Meudell 
etal. 1979; McDowell 1981). 

Another theory is that there is a specific deficit in the 
amnesic patient's acquisition of contextual (e.g. temporal 
and spatial) information, resulting in disproportionate 
impairments in contextual memory (Huppert & Piercy 1976, 
1978a; Mayes et al. 1985). More recently, this theory has 
evolved into a more generalised notion of a deficit in binding 
complex associations (Mayes & Downes 1997) or in binding 
the relations between items (Cohen et al. 1997). This specific 
deficit in combining complex associations or relations 
between items is usually attributed to hippocampal pathol- 
ogy, or dysfunction, and results in various related distinc- 
tions being postulated in amnesia, including those between 
recollection and familiarity memory, recall and recognition 
memory, remembering and knowing, as well as that between 
'explicit' and 'implicit' memory. 

Another possibility is that there is a specific deficit in 
'storage' (retention) rather than in learning processes, at least 
in some amnesic patients. It was found that, after learning 
has been acquired, many amnesic patients show a normal 
rate of forgetting, at least on recognition memory tests 
(Huppert & Piercy 1978b; Kopelman & Stanhope 1997), but 
there is some evidence that patients with medial temporal 
lobe pathology might forget at an accelerated rate, even after 
learning has been acquired (Huppert & Piercy 1979; Parkin & 
Leng 1988). However, various studies have failed to demon- 
strate this (Kopelman 1985a; McKee & Squire 1992), although 
there is some evidence that, over and above their initial 
acquisition or learning deficit, amnesic patients show accel- 
erated forgetting when tested on recall (as opposed to recog- 
nition) memory tasks over a period of minutes (Kopelman & 
Stanhope 1997; Green & Kopelman 2002). 

A further possibility is that the deficit occurs at retrieval. 
Warrington and Weiskrantz (1968) postulated that amnesic 
patients were unable to suppress inappropriate responses 
during recall and recognition memory tasks. They noted that 
such patients sometimes respond erroneously with what 
had been the correct responses to previous test items, and 
that the provision of retrieval cues can improve their per- 
formance. On the other hand, it was later found that healthy 
subjects exhibited these phenomena when given memory 
tests at relatively long delay intervals, suggesting that they 
were a consequence of poor memory rather than its cause 
(Mayes & Meudell 1981). Subsequently, Warrington and 
Wisekrantz (1982) retracted this view, arguing instead that 
lesions in diencephalic or medial temporal structures might 
'disconnect' a critical memory circuit running between 
frontal cortex, subserving 'cognitive mediation', and a 
semantic memory system in the temporal lobes. 



Amnesic syndrome or syndromes 

In the past, there was an extensive debate concerning whether 
there was a differential pattern of amnesic deficit in compar- 
ing patients with diencephalic and those with medial tempo- 
ral lobe pathologies. On the one hand, Warrington and 
Weiskrantz (1982) argued that these structures were all part 
of the same memory circuitry, damage in which 'discon- 
nected' a frontal cognitive mediation system from a tempo- 
ral lobe semantic or conceptual memory system. In contrast, 
others argued for differential patterns of memory deficits on 
the basis of findings with respect to measures of forgetting 
rates or contextual (temporal and spatial) memory (Huppert 
& Piercy 1979; Parkin 1987). In general, although there may 
be subtle differences in contextual memory, these differential 
patterns have not been corroborated (Kopelman 2002). 
Moreover, although a broad distinction between executive 
processes and encoding /retrieval mechanisms remains 
valid, there is also considerable overlap with the effects of 
large (particularly bilateral) frontal lesions, and a review of 
the latter showed that virtually all studies have reported 
impairments in recall (and often recognition) memory 
(Wheeler etal. 1995). 

More recently, differences have been sought between the 
effects of damage to hippocampal and parahippocampal 
(particularly perirhinal) structures. Aggleton and Shaw 
(1996) argued that patients with pathology confined to the 
hippocampi showed impairments on verbal and visual recall 
but not recognition memory, whereas damage to parahip- 
pocampal structures was required to produce an impairment 
in familiarity-based or recognition memory. There were 
problems with the meta-analysis on which this hypothesis 
was based, but supportive evidence has been obtained in a 
number of investigations, notably by Holdstock et al. (2002) 
and Mayes et al. (2004b). On the other hand, others have 
argued that when appropriate experimental controls are 
introduced, patients with pathology confined to the hippoc- 
ampi (as well as other amnesic patients) showed proportion- 
ate impairments on both recall and recognition memory 
procedures (Reed & Squire 1997; Manns et al. 2003; 
Kopelman et al. 2005). This issue remains hotly debated. 

Lengthy retrograde amnesia 

The short retrograde amnesia of several minutes' duration, 
such as commonly occurs after head injury, can plausibly be 
explained on the view that new learning requires a period of 
consolidation for stable long-term memory to be established. 
It is difficult, in contrast, to provide an explanation for the 
very long retrograde amnesias that may extend for years or 
decades before the onset of an amnesic syndrome. Anumber 
of authors have previously made this distinction between 
the different characteristics of short- and long-term retro- 
grade amnesia (Symonds 1966; Kapur 1999). These lengthy 
retrograde amnesias are often patchy, and the patient may 
show a so-called 'temporal gradient', i.e. relative sparing of 
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early memories. Moreover, this lengthy retrograde amnesia 
may shrink with time (e.g. in head injury or tuberculous 
meningitis) but it can persist (e.g. in herpes encephalitis or 
Alzheimer dementia). 

Neuropsychological studies have attempted to map the 
pattern of retrograde amnesia in amnesic disorders of various 
aetiologies. In a pioneering study, Sanders and Warrington 
(1971) employed a test requiring the recall and recognition of 
famous faces and a standardised questionnaire about public 
events from different time periods, finding a retrograde 
amnesia extending back many decades in a small group of 
amnesic patients. There was no evidence of a temporal gradi- 
ent or sparing of early memories. In contrast, Albert et al. 
(1979, 1981), using closely similar tests, found striking evi- 
dence of a temporal gradient in patients with Korsakoff's 
syndrome, but not in patients with Huntington's dementia. 

Subsequently, measures of personal or autobiographical 
memory were introduced (Zola-Morgan et al. 1983; Kopel- 
man et al. 1989), and the debate has continued. For example, 
some authors have reported striking temporal gradients in 
amnesic patients (Kopelman 1989; Squire & Haist 1989; 
Kapur & Brooks 1999), whereas others have found 'flat' 
gradients in autobiographical memory and in the recall of 
public information, consistent with the original Sanders and 
Warrington finding (Viskontas et al. 2000; Cipolotti et al. 
2001). Differential patterns across distinct diagnostic groups 
have been reported and, in general, there is a more 'gentle' 
temporal gradient in dementia patients, i.e. a lesser degree 
of sparing of early memories (Kopelman 1989; Kopelman 
etal. 1999). 

Interesting hemispheric differences have been reported in 
memory-disordered patients. For example, De Renzi et al. 
(1987) reported a patient who was severely impaired after 
herpes encephalitis on a wide range of general or semantic 
information, but who appeared intact in retrieving autobio- 
graphical memories. This patient had extensive left temporal 
lobe damage. In contrast, others have reported dispropor- 
tionate impairments in autobiographical memory with 
relative sparing of semantic knowledge in patients with pre- 
dominantly right temporal lobe damage (O'Connor et al. 
1992; Ogden 1993; Kopelman et al. 1999). This latter pattern 
has usually been attributed to the problems in retrieving the 
visual imagery associated with autobiographical memories. 

These observations have implications for the interpreta- 
tion of a lengthy retrograde amnesia. Consolidation theory 
assumes that a time-dependent physiological process is 
required to 'fix' memories in the brain, and to make them less 
vulnerable to the effects of brain pathology. This process has 
commonly been interpreted in terms of 'structural realloca- 
tion', which postulates that memories are initially depend- 
ent on (or stored in) medial temporal (or diencephalic) 
structures, particularly the hippocampi, but are later stored 
in the neocortex and are no longer dependent on the medial 
temporal/ diencephalic system (Squire & Alvarez 1995; 



Meeter & Murre 2004). This view predicts a temporal gradi- 
ent in retrograde amnesia, as obtained in various studies 
cited above (Zola-Morgan et al. 1986; Kapur & Brooks 1999; 
Bayley et al. 2005). It is also supported by some fMRI investi- 
gations of remote memory, but is refuted by others. However, 
the theory cannot explain patients whose retrograde amnesia 
failed to show an unequivocal or any temporal gradient 
(Viskontas et al. 2000; Cipolotti et al. 2001). Moreover, a very 
extensive temporal gradient going back 20-30 years would 
imply that physiological consolidation must continue for a 
remarkably long time (Nadel & Moscovitch 1997). 

The semanticisation hypothesis argues that, as memories for 
episodes are rehearsed, they adopt a more semantic form, 
losing their contextual immediacy or vividness, hut protect- 
ing them from the effect of brain damage (Cermak 1984). In 
other words, the contextual components of these memories 
become attenuated or lost, making the memories feel much 
less immediate and vivid, but they are better preserved and 
protected against any subsequent retrieval deficit. One pos- 
sibility is that this process involves the transfer of memories 
from the hippocampal system to the neocortex, in which case 
this theory overlaps with consolidation theory in postulat- 
ing structural reallocation. A second possibility is that both 
episodic and semantic memories are stored in the neocortex, 
but only episodic memories require the hippocampus for 
their retrieval. A major problem for this theory is the finding 
that memories which are semantic virtually from the outset, 
such as knowledge of the meaning of new words, can also 
show a temporal gradient (Verfaellie et al. 1995). 

Multiple trace theory, as mentioned briefly above, postu- 
lates that the hippocampi are continuously involved in the 
storage and retrieval (reactivation) of autobiographical 
memories, and that every time the reactivation of a memory 
trace occurs a new trace is laid down, resulting in 'multiple 
traces' (Nadel & Moscovitch 1997). In this theory, the memory 
trace for a specific episode is represented by a combination of 
'binding codes' in the hippocampi and by fragments of infor- 
mation in neocortical association areas. The theory predicts 
that the extent of retrograde amnesia and the slope of the 
temporal gradient for autobiographical memories will 
depend on the size of hippocampal lesions or atrophy, and 
that a complete hippocampal transection would result in a 
'flat' gradient for autobiographical memories. However, 
factual information is postulated as being stored in the neo- 
cortex independently of the episode in which it was acquired, 
and a steeper gradient for semantic than episodic memories 
is also predicted. Some functional activation investigations 
have provided findings consistent with this theory (Maguire 
et al. 2001; Ryan et al. 2001). On the other hand, many amnesic 
patients do indeed show a steep temporal gradient, as 
reported above, and Kopelman et al. (2003) failed to find the 
predicted significant correlations between hippocampal 
volumes and the extent or severity of retrograde amnesia in 
patients with primarily medial temporal lobe pathology. 
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Furthermore, retrograde amnesia gradients across autobio- 
graphical and semantic remote memory do not always fit the 
predicted pattern. 

An alternative view, little discussed to date, is that the rela- 
tive sparing of early memories in neurological amnesia 
reflects differences in the way that such early memories were 
originally encoded, making them more likely to be retrieved 
by healthy volunteers at a later date and also protecting them 
from the effects of subsequent brain damage. Kopelman etal. 
(1989) postulated such a hypothesis on the basis of age differ- 
ences in the slope of temporal gradients in memory-disor- 
dered patients, and some recent observations would be 
consistent with such a hypothesis (Rubin & Schulkind 1997; 
Buchanan etal. 2005). 

Disproportionate retrograde amnesia 

Highly contentious is the nature of disproportionate retro- 
grade amnesia, sometimes known as 'focal' or even 'isolated' 
retrograde amnesia. Many such cases have been reported in 
the literature, but they differ considerably in the circum- 
stances and features of their onset, underlying clinical diag- 
nosis, findings on neuroimaging, and the postulated site or 
sites of pathology, as well as in the adequacy of the clinical 
descriptions given. For example, Kapur etal. (1992) described 
a 26-year-old woman who had fallen from a horse, sustain- 
ing left and right frontal contusions, evident on CT, with sub- 
sequent signal alteration in the left and right temporal poles 
on MRI. This patient was severely impaired across all the 
remote memory tests with which she was investigated, but 
showed normal performance or only moderate impairment 
at various anterograde memory tests. However, the interpre- 
tation of her deficit was confounded by her subsequent 
development of various hysterical symptoms in the context 
of depression (Kapur 2000). 

The underlying nature of such cases has been debated 
elsewhere (Kopelman 2000; Kapur 2000). Many of the cases 
described as 'focal retrograde amnesia' in fact showed evi- 
dence of anterograde memory impairment, especially for 
visuospatial material. Other cases showed poor anterograde 
memory in more moderate or subtle form across a number of 
tests, particularly story recall, face recognition memory, and 
delayed recall, begging the question of whether their failure 
reflects, in some sense, task demands and task difficulties. 
Some of the most convincing cases in this literature initially 
showed a severe anterograde amnesia as well as a severe ret- 
rograde amnesia. By the time of their assessment, the retro- 
grade amnesia remained profound, whereas the anterograde 
amnesia had become only moderate, mild or minimal; in 
such cases, the real issue concerns differential patterns of 
recovery, and the way in which physiological or psychologi- 
cal factors can contribute to this. A further group of patients 
reported in the literature are those with TEA (see above), who 
commonly report 'gaps' in their autobiographical memories. 
However, it is not clear whether this has resulted from brief 



'subclinical' runs of seizure activity in the past compromis- 
ing encoding over short periods, or from current ictal activity 
inhibiting retrieval processes, or even causing an accelera- 
tion in the forgetting of 'old' memories: each of these views 
has been advocated. Finally, psychogenic factors may make 
an important contribution to the presence of a residual, dis- 
proportionately severe retrograde amnesia, and the reversed 
temporal gradient in psychogenic amnesia is identical to that 
seen in many cases of 'focal retrograde amnesia'. Psycho- 
genic mechanisms may be important in those cases which 
follow a mild concussion, but also in some cases where there 
has been more severe brain pathology. 

Confabulation 

Confabulation can be a striking feature in amnesias, but in its 
'spontaneous' form (see below) probably reflects concomi- 
tant ventromedial frontal pathology (Kopelman 1987a 
2002). In the past, it has often (erroneously) been thought of 
as pathognomonic of diencephalic amnesia, but the relation- 
ship between diencephalic amnesia and confabulation has 
been greatly overstressed. When present, confabulation is 
commoner in the acute (Wernicke) stages than in the chronic 
phases of Korsakoff's syndrome but it is usually absent 
(Victor et al. 1971). It can also occur in temporal lobe amnesia 
(Wilson et al. 1995), but again it probably reflects concomitant 
frontal pathology. In general, it may appear as an evanescent 
phenomenon, or in rare cases it may last for many years. 

Typically, the patient gives a reasonably coherent but false 
account of some recent event or experience, either in relation 
to his own activities or in response to suggestion by the exam- 
iner. Berlyne (1972) defined confabulation as 'a falsification 
of memory occurring in clear consciousness in association 
with an organically derived amnesia'. He upheld Bonhoef- 
fer's early distinction between two varieties. The common 
'momentary type' is brief in content, has reference to the 
recent past and has to be provoked. The content can some- 
times be traced to a true memory that has become displaced 
in time or context. Much rarer is the 'fantastic type' in which 
a sustained and grandiose theme is elaborated, usually 
describing far-fetched adventures and experiences which 
clearly could not have taken place at any time. This form 
tends to occur spontaneously even without a provoking 
stimulus, and the content is often related to wish fulfillment 
and the seeking of prestige. Kopelman (1987a) preferred a 
classification simply into 'provoked' and 'spontaneous' con- 
fabulation, and has shown that the former appears in the 
context of efforts at recall by amnesic or dementia patients, 
whereas it is the latter that reflects specific (ventromedial) 
frontal pathology. Schnidereffl/. (1996) have provided impor- 
tant empirical evidence which supports this distinction. 

Kopelman (1987a) was able to demonstrate examples of 
'provoked' confabulation in healthy subjects when asked to 
recall prose passages after a considerable interval of time; 
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these were similar in nature to those sometimes observed in 
Korsakoff and Alzheimer patients when tested shortly after 
exposure, consisting mainly of additions of inaccurate or 
irrelevant material or changes in the sense of the passage. 
This type can thus be regarded as a 'normal' response to a 
faulty memory. 

The evidence linking spontaneous confabulation to the 
presence of frontal lobe dysfunction includes the finding by 
Stuss et al. (1978) of five patients in whom frontal deficits, 
superadded to their memory problems, appeared to account 
for their persistent and extraordinary confabulation. Kapur 
and Coughlan (1980) were able to chart the change from fan- 
tastic to momentary confabulations in a patient with left 
frontal damage following subarachnoid haemorrhage, and 
to show that this change was paralleled by improvement in 
performance on frontal lobe or executive tests. Moscovitch 
and Melo (1997) reported that ventromedial pathology 
seemed to be the common factor in their patients, but others 
have disputed its critical importance (Dalla Barba 1993, 
2002 ). 

Sometimes confabulation may represent the residue of 
abnormal and confused experiences, including misidentifi- 
cations and misinterpretations that occurred in the delirium 
of the initial Wernicke's encephalopathy. Thus, it commonly 
sets in as clouding of consciousness is receding and persists 
thereafter while insight into the unreal nature of the deliri- 
ous experiences is lacking. As in delusions, the content 
of confabulation may appear 'motivated' or meaningful 
(Conway & Tacchi 1996). 

Recent theories of spontaneous confabulation fall into 
three main groups. The first group of theories emphasises 
faulty specification and verification of memory retrieval. For 
example, Burgess and Shallice (1996) postulated deficits in a 
descriptor process, an editor process and a mediator process, 
which make differential contributions to the clinical phe- 
nomena of confabulation. Moscovitch and Melo (1997) put 
forward a somewhat similar argument, identifying a number 
of putative deficits in cue-retrieval, strategic search or faulty 
monitoring, the last resulting in erroneous memories not 
being edited out or suppressed. Likewise, Schacter et al. 
(1998) argued that an insufficiently 'focused' retrieval 
description, or an impairment in post-retrieval monitoring 
and verification, would give rise to confabulation. Moreover, 
encoding impairments would make subjects more liable to 
confabulatory errors at retrieval. 

The second group of theories emphasises so-called source 
memory deficits, either with respect to confusion about the 
temporal context or sequence of memories, or in distinguish- 
ing between real and imagined memories. The belief that 
many confabulations may, in fact, be 'real' memories jumbled 
up and recalled inappropriately out of temporal sequence 
has a long history going back to Korsakoff (1889). In an 
empirical test of this hypothesis, Schnider et al. (1996) found 
that a small group of spontaneous confabulators were differ- 



entiated from other amnesic patients and healthy controls on 
the basis of errors at an 'implicit' temporal context memory 
test (see also below). In a variant of this hypothesis, Dalla 
Barba (1993) and Dalla Barba et al. (1999) have proposed that 
'temporal consciousness' is intact but malfunctioning in con- 
fabulating patients, who are aware of a past, present and 
future (unlike amnesic patients) but, in making temporal 
judgements, they employ only the most stable elements from 
their long-term memory stores. Asked what they did yester- 
day or what they will do tomorrow, the patients reply with 
the well-established routines or habits of a lifetime, irrele- 
vant to their present situation. Johnson et al. (1993) postu- 
lated a wider range of context, source or reality monitoring 
deficits, in which a confabulating patient is unable to distin- 
guish 'real' from imagined experience. Schnider et al. (2001) 
have more recently interpreted their experimental findings 
in these terms, arguing that deficits in a filter mechanism 
within the ventromedial frontal cortex results in the confab- 
ulating patient being unable to distinguish real memories 
from irrelevant thoughts and information. 

A third group of theories emphasises that multiple deficits 
may contribute to confabulation. For example, Shapiro et al. 
(1981) postulated that confabulationresults from (i) impaired 
self-monitoring, (ii) a failure to inhibit memory errors and 
(iii) frequent perseverations, each of these deficits being 
related to a different aspect of frontal/ executive function. 
Johnson et cd. (1997) concluded that confabulation may reflect 
an interaction between (i) a vivid imagination, (ii) an inabil- 
ity to retrieve autobiographical memories systematically 
and (iii) impaired source monitoring. Kopelman et al. (1997) 
found that (i) many confabulations in episodic memory were 
associated with temporal context errors, (ii) confabulations 
particularly in semantic memory were associated with per- 
severative errors and (iii) other confabulations appear to be 
unchecked, instantaneous, ill-considered responses to 
immediate environmental and social cues. 

Amnesia in diffuse cerebral disease 

When associated with diffuse cerebral disorder, memory 
disorder is often subsumed among more widespread impair- 
ments of intellectual function, making precise analysis of the 
memory deficits more difficult. In delirium, the memory dif- 
ficulties can be traced to the combination of an impairment of 
consciousness and to problems in attention and perception. 
In dementias, memory complaints are often the earliest man- 
ifestation, in part perhaps because memory difficulties tend 
to be more readily identified than other aspects of intellec- 
tual loss. However, studies of Alzheimer patients show that 
some patients initially manifest an amnesic picture, whereas 
other initially show a dysexecutive syndrome (Becker et al. 
1992; Hodges et al. 2003). The general picture of the memory 
difficulties in acute and chronic neurological disorders has 
been discussed earlier in this chapter (see Clinical picture 
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and pattern of neuropsychological deficits in amnesia). 
Certain distinctive features are summarised here for com- 
parison with the picture in focal amnesic states. 

The memory deficits in diffuse brain disease, such as 
Alzheimer's dementia, are extensive, affecting both recent and 
remote events to an obvious degree. Only rarely is there a 
clear-cut disturbance of anterograde memory with only a 
brief retrograde gap. However, recent events may be the 
most obviously affected, in part because of a lack of interest 
and involvement in current experiences. Remote memories 
may appear to be relatively intact, but their recall is often in 
fact banal, stereotyped and lacking in detail. There are now a 
large number of investigations reporting only a very gentle 
temporal gradient (relative sparing of early memories) in 
Alzheimer patients (Sagar et al. 1988; Kopelman 1989; Greene 
et al. 1995). Performance may be variable from one occasion 
to another, and capricious in that some events are easily 
recalled while others, apparently equally trivial or unimpor- 
tant, are not. Indeed, part of the difficulty may lie in a failure 
to sustain attention and concentration on the general task of 
memory retrieval. 

Evidence such as this suggests that the memory disorder 
in Alzheimer's dementia reflects diffuse cortical pathology 
as well as the characteristic atrophy and histopathological 
changes in the medial temporal lobes. Thus, the pattern of 
deficits is more extensive than that seen in the amnesic 
syndrome, and can be attributed to reduced neuronal 
interconnections, disrupted associations, impaired retrieval 
processes, and damage to the memory stores themselves. 
The immediate memory span is impaired (Miller 1973; 
Kaszniak et al. 1979), unlike the situation in patients with 
circumscribed amnesic syndromes, and forgetting occurs 
more rapidly within primary or working memory (Corkin 
1982; Kopelman 1985a). However, once material has been 
acquired in secondary memory, forgetting rates on recogni- 
tion memory tasks are surprisingly normal, suggesting that 
the main problem is in memory formation (Corkin et al. 1984; 
Kopelman 1985a), although faster forgetting can be found 
on recall memory tasks (Christensen et al. 1998). Kopelman 
and Corn (1988) reviewed and presented evidence that 
depletion within the cholinergic system in dementia can 
account only partially for the memory disorder encountered 
in such patients. 

Findings in implicit memory in Alzheimer's dementia 
have been conflicting, and are closely tied to the specific test 
paradigms employed. The general picture that emerges in 
Alzheimer's disease is of preserved motor skill learning, as 
on pursuit-rotor tasks (Eslinger & Damasio 1986) and mirror 
reading (Deweer et al. 1993). On priming tasks, the findings 
are variable, depending on the precise experimental design 
(Shimamura et al. 1987; Brandt etal. 1988; Downes etal. 1996). 

In Alzheimer 's disease, the earliest and most intense path- 
ological change is often in the hippocampal regions and this 
is correlated with the severity of the memory deficits (Brier- 



ley 1961; Corsellis 1970; Braak & Braak 1991). Conversely, in 
the frontotemporal dementias, the pathological process may 
initially spare the hippocampal regions, and here episodic 
memory problems are rarely an early manifestation. 

Semantic dementia is a temporal lobe variant of frontotem- 
poral dementia. Many of its features were described by 
Pick (1892), but the first neuropsychological description was 
by Warrington (1975) and the term was coined by Snowden 
et al. (1989) and further employed by Hodges et al. (1992). In 
this syndrome, there is severe impairment in semantic 
memory (especially involving naming, word-finding, and 
comprehension) with relatively preserved episodic memory 
(for events) in the context of intact visuospatial abilities, 
number skills, reasoning and problem-solving, with good 
orientation in time and place. It most commonly involves 
unilateral atrophy of the left temporal lobe or bilateral tem- 
poral lobe atrophy with relative sparing of medial temporal 
lobe structures, although MRI studies clearly show that 
severe atrophy of medial temporal structures also emerges. 
Cases of relatively isolated right temporal lobe atrophy have 
also been described (Evans et al. 1995). Remote memory for 
early autobiographical events may also appear affected 
(Snowden et al. 1996; Graham & Hodges 1997), but this is 
almost certainly a consequence of the patients' deficits in 
semantic memory interfering with autobiographical 
memory retrieval, rather than a deficit in autobiographical 
memory storage per se (Westmacott et al. 2001; Moss & 
Kopelman 2003). Survival from onset of symptoms is 
approximately 5-10 years (Hodges etal. 2003), and the under- 
lying histopathology is very varied (Pick cells, motor neurone 
inclusions, non-specific changes) (Hodges et al. 2004). 

In normal ageing, there are commonly memory impair- 
ments and the relationship between these and dementia 
has long been controversial. Huppert (1994) reviewed the 
attempts made to specify those aspects of memory most vul- 
nerable to the ageing process, and the difficulty in generalis- 
ing about the pathological substrates that might be 
responsible. In normal ageing, the impairments involve 
working memory or a lack of 'processing resources', so that 
performing a concurrent task while memorising is particu- 
larly difficult, and there are also particular problems in pro- 
spective memory (remembering to do something) and in 
remembering the contextual aspects of information (Huppert 
1994; Parkin 1987). Dementia may represent accelerated 
ageing (Drachman et al. 1990) or it may represent a qualita- 
tively distinct neuropsychological and neuropathological 
process superimposed on normal ageing (Huppert & 
Kopelman 1989). In recent years, the term 'mild cognitive 
impairment' has been used to describe elderly people with 
mild memory complaints associated with a moderate degree 
of hippocampal atrophy. If cases of mild vascular change, 
alcohol abuse, head injury or depression are rigorously 
excluded, there is now evidence that many of these cases 
'convert' eventually to dementia (Lambon et al. 2003). 



44 | Chapter 2 



The pathological changes characteristic of ageing com- 
monly involve the frontal and temporal lobes, but they are 
usually diffuse so that attribution of all the changes of normal 
ageing to, for example, frontal lobe or hippocampal atrophy 
is somewhat simplistic. 

Psychogenic amnesia 

Psychogenic amnesia is commonly either dense and global 
or restricted to circumscribed ('situation-specific') themes 
or events. When global it involves the blotting out of 
long periods or the whole of a person's past life, or even 
loss of personal identity. Amnesias of this severity do not 
occur in organic states unless at the same time there is abun- 
dant evidence of disturbance of consciousness or of severe 
disruption of cognitive functions generally. Interestingly, 
even with dense psychogenic amnesias there may some- 
times be 'islands' of preserved memories that can be 
uncovered by careful questioning (Schacter et al. 1982). 
Inconsistencies in the account may also be noted. The subject 
with hysterical amnesia, for example, may insist that certain 
events could not have occurred during the period covered 
by the amnesic gap, while at the same time he is in no posi- 
tion to refute the proposition. More restricted (situation-spe- 
cific) psychogenic amnesias will usually be found to centre 
on a traumatic event or circumscribed areas such as sexual 
abuse in childhood. Repeated episodes of psychogenic 
amnesia will frequently betray stereotyped themes or 
settings. 

Psychogenic amnesia should be suspected when from the 
outset profound difficulty with retrieval of past events is 
coupled with normal ability to retain new information, and 
when there is an acute onset of memory loss for the entirety 
of a person's past. A delayed onset of the forgetting, e.g. fol- 
lowing a minor head injury, is likewise sometimes seen in 
psychogenic but not in neurological amnesias. The focal ret- 
rograde amnesia syndrome has often been reported to arise 
in such circumstances, but its aetiology remains controver- 
sial (Kopelman 2000; Kapur 2000) . 

Kopelman (2002) discussed factors that appear to predis- 
pose to psychogenic amnesia, notably a severe precipitating 
stress, depressed mood or the experience of an earlier neuro- 
logical amnesia in disorders such as head injury, epilepsy or 
alcoholism. In medicolegal practice, amnesia is often 
reported by offenders particularly in cases of homicide, 
occurring in 30-40% of cases, but is sometimes described in 
connection with other violent and non-violent offences. The 
amnesic episodes are typically fairly brief and knowledge of 
personal identity usually remains intact (Pyszora et al. 2003). 
Victims of offences such as rape (Mechanic et al. 1998) report 
similar amnesic gaps, and eyewitnesses of crime frequently 
make memory errors. 

Special difficulties arise when neurological and psycho- 
logical predisposing factors occur together. Psychogenic 
factors may sometimes be obtrusive in amnesias which are 



clearly due primarily to brain damage, or a neurological 
deficit may come to be selectively reinforced or perpetuated 
on a psychogenic basis. Such difficulties are well illustrated 
by the celebrated dispute, reviewed by Zangwill (1967), that 
surrounded the Griinthal-Storring case for more than 30 
years. Kopelman et al. (1994) described a patient with tran- 
sient epileptic amnesia who had previously been diagnosed 
as having a psychogenic fugue. In focal retrograde amnesia, 
however, the faulty attribution may be to neurological causa- 
tion, and psychological factors have sometimes been 
neglected or ignored. 

Possible mechanisms in psychogenic amnesia 

The mechanisms may vary from case to case. Faulty encod- 
ing of information may explain some examples, as discussed 
below, while others may represent 'motivated forgetting', 
'dissociation' or 'repression'. Another possibility is of a 
primary retrieval deficit reflecting mood-dependent phe- 
nomena. Sometimes there may indeed be a substrate in tran- 
sient neurological memory dysfunction which dictates the 
form the psychogenic reaction takes, as in the alcoholic 
patient reported by Gudjonsson and Taylor (1985). 

Certain cases of psychogenic amnesia may depend, at least 
in part, on failure in the initial processing of experience rather 
than on a process of forgetting or repression (Kopelman 
1985b, 1987b). Thus Taylor and Kopelman (1984) found that 
inability to recall a criminal offence was frequent when this 
had been committed in a state of very high emotional arousal, 
in the context of florid psychotic delusions, or under heavy 
alcoholic intoxication. All such factors would be liable to 
impair normal registration of what was happening at the 
time. On the other hand, Pyszora et al. (2003) found that in a 
sizeable proportion of offenders amnesic for their crime, the 
amnesic gap diminishes substantially through time, leaving 
only a brief (1 minute or less) permanent amnesia for the 
actual killing. In such cases, there was evidence that dissocia- 
tive mechanisms may have been important in the aetiology 
of the amnesia. 

The neuropsychology of psychogenic amnesia can resem- 
ble, in certain respects, that seen following head trauma. As 
already mentioned, there may be 'islands' or fragments of 
preserved memory within the amnesic gap, which are often 
described as strange and unfamiliar. Performance at verbal 
learning tests is variable: it has been reported as unaffected, 
mildly affected or more severely impaired in different 
studies. Memory for procedural skills is often preserved, and 
this may also be true of other aspects of implicit memory, 
such as tests of priming, although there are again conflicting 
reports. Deliberate cueing of memories is seldom successful, 
but memory recovery is often facilitated by chance cues in 
the environment. For example, a patient, on seeing an 
author's name on the spine of a book, recalled that he had a 
friend of that name who was dying of cancer. On transfer to a 
psychiatric ward, he recollected the details of another psy- 
chiatric hospital admission years earlier. 
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Some functional imaging studies have produced evidence 
of changes in brain regions analogous to those purported to 
be implicated in neurological retrograde amnesia (Markow- 
itsch et al. 1997; Glisky et al. 2004), although in general these 
studies find decreased frontal activations. Anderson and 
Green (2001) reported evidence that executive mechanisms 
can be recruited to prevent unwanted memories from enter- 
ing awareness, and that repeated use of such strategies inhib- 
its the subsequent recall of the suppressed memories. More 
particularly, Anderson et al. (2004) showed that this memory 
suppression is associated with increased activations in dorso- 
lateral frontal cortex bilaterally, and with diminished bilateral 
activation in the hippocampi and the frontal poles. Hence, 
there is evidence that frontal executive mechanisms are 
implicated in psychogenic amnesia, but there are conflicting 
reports about whether this is correlated with increased or 
decreased frontal activation. 

Memory disorder in the psychoses 

While it used to be held that memory disorder was the hall- 
mark of neurological brain damage, there are now indica- 
tions that memory may also be defective in the psychoses. At 
an anecdotal level it is commonly noted that patients lack 
detailed knowledge of key features of their abnormal beliefs 
and experiences on recovery from schizophrenia or severe 
affective disorder. Moreover, depression has been shown to 
have a marked effect on the selective processes normally 
operative in memory, leading to readier recall and more 
accurate recognition of unpleasant compared with pleasant 
material (Lloyd & Lishman 1975; Dunbar & Lishman 1984; 
Teasdale & Spencer 1984). Among normal subjects such 
selectivity operates in the reverse direction. 

However, there is also evidence that overall memory effi- 
ciency is impaired in patients with depression or schizophre- 
nia. Cutting (1979) examined groups of patients with acute 
schizophrenia, chronic schizophrenia or major depression, 
and compared their memory test performance with normal 
subjects and with patients who had 'organic psychosyn- 
dromes'. The most prominent finding was that patients with 
chronic schizophrenia were impaired on verbal learning and 
pattern recognition tasks, their performance sometimes 
being comparable to patients with confusional states, demen- 
tia or Korsakoff's syndrome. The depressives were also 
impaired on both tasks but to a less marked degree. Acute 
schizophrenic patients performed poorly on verbal memory 
alone. It seemed unlikely that coincidental brain damage 
could be the explanation, but the possible effects of medica- 
tion were harder to discount. 

McKenna et al. (1990) evaluated a large group of acute and 
chronic schizophrenic patients on the Rivermead Behav- 
ioural Memory Test battery (Wilson et al. 1985) and found 
that poor performance was common and sometimes sub- 
stantial. The level of memory impairment appeared occa- 
sionally to approach that of patients with overt brain damage. 
Tamlyn et al. (1992) confirmed such deficits in a more detailed 



neuropsychological study of the same sample, finding that 
the pattern of impairment was similar to that of the classic 
amnesic syndrome. However, virtually all the patients were 
receiving neuroleptic medication and many were also taking 
anticholinergic drugs, which might have contributed to their 
poor performance. Saykin et al. (1991) demonstrated a dis- 
proportionate and apparently selective deficit on memory 
and learning tasks in 36 non-medicated acute schizophrenic 
patients. 

Duffy and O'Carroll (1994) have reported a detailed study 
of 40 schizophrenic patients using the Rivermead Behav- 
ioural Memory Test battery, paired associate learning, and 
other memory tests. This was a heterogeneous sample of 
acute and chronic patients, all screened to exclude those with 
a history of alcohol or drug abuse, head injury or other brain 
disease. Poor performance was demonstrated on several 
tests: on the Rivermead battery the group was as likely to 
show significant memory impairment as the brain-damaged 
sample on which the battery was originally validated. The 
severity of impairment was related to age and to the chronic- 
ity of illness, but not to measures of motivation, severity of 
psychotic symptoms or amount of neuroleptic medication. 
Of particular interest were comparisons with a group of 
chronic Korsakoff patients. On tests of episodic memory the 
schizophrenics were considerably less impaired than the 
Korsakoff patients, only 50% of the schizophrenics scoring 
within the severely impaired range, but on a test of semantic 
memory (judgements of whether a series of factual sentences 
were true or false) they were significantly worse. McKenna 
et al. (1995) provided a detailed review of research into this 
and other aspects of memory in the disorder, including 
impaired episodic memory and spared procedural memory, 
analogous to findings in neurological amnesia (see Clinical 
picture and pattern of neuropsychological deficits in 
amnesia, earlier). 

Disorders of language and the aphasias 

Disturbance of language is an important source of evidence 
of focal brain disorder and, indeed, historically provided 
the chief impetus for attempts at correlating focal psycholog- 
ical deficits with regional brain pathology. Aphasic symp- 
toms probably remain more useful clinically than any other 
cognitive defect in indicating the approximate site of brain 
pathology. (The term 'aphasia' and its derivatives is used 
in preference to dysphasia in line with growing convention 
in neuropsychological and linguistic circles but encompasses 
all varieties and severities of language disturbance.) Yet 
despite over 100 years of careful enquiry and observation 
the analysis of aphasia remains a controversial area, and 
beyond certain broad limits its relationship to regional 
cerebral disorder remains in many respects uncertain. 
This should not be surprising in view of the complex 
interrelationships that exist between different aspects of lan- 
guage processes, and the intimate way in which language 
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must enter into many other cognitive functions and vice 
versa. The parts of the brain concerned with language are 
extensive, and necessarily diffused over a considerable terri- 
tory so that auditory, visual and motor mechanisms can be 
subserved. Consequently cerebral lesions that produce 
aphasia can lead to many forms of deficit, and at the same 
time to other defects which render the appraisal of clinico- 
pathological correlations difficult. Moreover, it is likely that 
there is individual variation in the anatomical substrate for 
language. 

Cerebral dominance for language 

The earliest observation of a relationship between anatomy 
and psychology to gain universal acceptance was that 
aphasia was overwhelmingly more common after lesions of 
the left hemisphere than the right. Later, right hemisphere 
lesions were reported to produce aphasia in left-handed sub- 
jects, and the general rule was proposed that the hemisphere 
contralateral to handedness governed speech. This has been 
upheld in large measure where right-handed subjects are 
concerned; the vast majority of cases of aphasia in right- 
handed subjects arise following lesions in the lefthemisphere 
whereas the incidence is only about 1% when the lesion is 
right sided. However, it is now known from large unselected 
series of patients with brain lesions that left-handers also 
suffer aphasia more often from left than from right hemi- 
sphere lesions ('crossed aphasia'), in fact in a ratio of approx- 
imately 2:1. Bilateral speech representation appears to be 
more common in left-handers than right-handers, though 
remaining rare in both. 

The most direct confirmation of these relationships has 
come from observing the transient effect on speech of inject- 
ing amobarbital into the carotid arteries of the left and right 
sides separately by the Wada technique ( Wada & Rasmussen 
1960; Rasmussen & Milner 1977). Amobarbital, 175 mg as a 
10% solution, is injected over 2-3 seconds into the internal 
carotid artery. This results in a contralateral flaccid paralysis 
lasting several minutes during which the preservation or 
disruption of language can be briefly assessed. Rasmussen 
and Milner (1977) have reported 396 epileptic patients exam- 
ined under such conditions. Among the right-handers 92% 
were found to have left hemisphere speech, 6% to have right 
hemisphere speech and in 2% there was bilateral representa- 
tion. Among left-handers and ambidextrous patients 
(without early brain damage) 70% had left hemisphere 
speech, 15% right hemisphere speech and 15% had bilateral 
speech representation. In subjects with evidence of bilateral 
speech representation the speech defects were mild, from 
both the right- and left-sided injections. Functional MRI has 
begun to be used as a non-invasive method for determining 
cerebral dominance prior to surgery. 

An alternative method for assessing language laterality 
applicable to clinical and non-clinical groups involves the 



use of dichotic listening. Verbal information in the form of, 
for example, consonant-vowel syllables is fed through ear- 
phones to the two ears, but in such a way that different infor- 
mation arrives at each ear simultaneously. The subject must 
report whatever he hears, and is found to report more accu- 
rately and comprehensively from the ear contralateral to the 
hemisphere subserving language, the so-called right ear 
advantage in right-handed subjects. The results are less 
clear-cut than with the Wada technique, but dichotic listen- 
ing has the advantage of safety and lack of adverse effects. 

The prevalence of handedness in the normal population 
varies according to how it is defined and measured. Never- 
theless if asked which hand an individual habitually writes 
with, about 90% of people will say the right. Dominance for 
other skilled tasks, footedness and eyedness yield lower per- 
centages. The proportion of left-handers is slightly but con- 
sistently higher in males than females. Cultural factors exert 
some influence over these figures: the performance of certain 
tasks with the left hand is taboo in some societies and pres- 
sure from educationalists, particularly in the first half of the 
twentieth century, forced many children to write with their 
right hands regardless of their preference. While it is gener- 
ally agreed that genetic factors are the major determinant of 
handedness, there remains controversy regarding the precise 
mode of transmission and genetic model. Of neuropsychiat- 
ric interest is the issue of 'pathological left-handedness'. It 
has been suggested that a proportion of people become left- 
handed because of early damage to their left hemispheres 
that brings about a shift in cerebral dominance. The age of 
10-12 years is generally accepted as the upper limit beyond 
which brain damage will not alter handedness and beyond 
which the second hemisphere will not develop fully ade- 
quate language skills by way of compensation. That shifts 
in cerebral dominance do occur in relation to early left hemi- 
sphere damage is strongly upheld by Rasmussen and Mil- 
ner's (1977) results of intracarotid amobarbital injection 
already mentioned above. Where left-handedness or ambi- 
dexterity was accompanied by a history of early left hemi- 
sphere damage there was, in contrast to all other groups, a 
large percentage of cases with language representation in the 
right hemisphere (28% left hemisphere speech, 53% right 
hemisphere speech, 19% bilateral speech representation). 
From a population perspective it has been estimated that 
only about 1 in 20 left-handers is 'pathological'. Furthermore, 
a variety of non-specific developmental disorders and insults 
may increase the incidence of non-right-handedness, sug- 
gesting that this may be due to the failure of left hemisphere 
dominance for language to become established in the first 
place rather than it shifting. 

Handedness, or more broadly laterality, has been investi- 
gated in relation to many psychiatric disorders but most par- 
ticularly schizophrenia (see Structural brain imaging, and 
also Associations with regional brain pathology, later) where 
it has been shown that non-right-handedness is indeed more 
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common. This appears to be due to an increase in left-hand- 
edness as well as mixed or 'ambiguous' handedness. Again, 
the finding is open to interpretation but is consistent with 
theories which postulate an abnormality in left hemisphere 
specialisation during development (Dragovic & Hammond 
2005). 

Yakovlev and Rakic (1966) reported that in fetal and 
newborn brains the corticospinal tract from the left hemi- 
sphere usually begins to decussate higher in the medulla 
than that coming from the right, and the corticospinal tract is 
usually larger on the right side of the cord than the left. Right 
hand preference, therefore, probably develops on the basis 
of the increased motor innervation available to the right side 
of the body. More directly, Geschwind and Levitsky (1968) 
examined 100 adult human brains at post-mortem and 
reported marked differences between the two hemispheres 
in the size of the planum temporale, which lies on the supe- 
rior surface of the temporal lobe immediately behind 
Heschl's gyrus. This is the region that contains the auditory 
association cortex, and represents the classic Wernicke's 
area known to be important for language. Other related 
anatomical differences have been noted, for example the 
occipital lobe is usually wider on the left than the right, 
whereas the frontal lobe is wider on the right than the left; 
these asymmetries may be less striking or even reversed in 
left-handers. MRI has superseded post-mortem studies of 
laterality. A meta-analysis of all such anatomical data includ- 
ing MRI confirmed the left greater than right surface area 
and volume of the planum and different configuration of the 
left versus the right sylvian fissure in neurologically intact 
participants totalling several hundreds (Shapleske et al. 
1999). 

Evidence with regard to cerebral dominance for language 
has also come from observations after section of the corpus 
callosum for the relief of intractable epilepsy (Sperry 1966; 
Gazzaniga & Sperry 1967; Sperry & Gazzaniga 1967). As a 
result of the operation the two hemispheres are virtually iso- 
lated from each other and information can be fed tachisto- 
scopically to either hemisphere alone by brief exposures in 
the opposite half-field of vision. When a picture of an object 
is exposed to the dominant hemisphere it can be named 
promptly or recorded in writing, but similar exposures to the 
non-dominant hemisphere meet with no such response. If 
pressed to answer after information has been fed to the non- 
dominant hemisphere, the patient may deny seeing any- 
thing, or alternatively the speaking hemisphere may resort 
to pure guesswork and produce a random response. None- 
theless, the patient can select the appropriate matching 
object, by means of palpation with the left hand, from among 
a group of objects concealed behind a screen, indicating that 
the non-dominant hemisphere has correctly perceived the 
picture despite the patient's inability to name it. In a similar 
way an object concealed from view can be named when pal- 
pated by the right hand but not when palpated by the left 



hand. The non-dominant hemisphere is therefore mute as 
would have been expected. 

In some of these patients, however, it seems certain that 
limited comprehension of language can take place in the 
non-dominant hemisphere. The left hand can correctly select 
or point to an object which corresponds to a name exposed 
briefly to the non-dominant hemisphere alone. That the 
dominant hemisphere can have played no part is shown by 
the failure of the right hand to perform accurately in this situ- 
ation; moreover the subject cannot name the matching object 
if this has been selected by the left hand hut remains con- 
cealed from view. Auditory comprehension can be demon- 
stratedbyflashingapicturetothenon-dominanthemisphere 
and then asking the patient to signal when the matching 
word is read aloud to him; this he can do by signalling with 
the left hand but not with the right. Alternatively, a word can 
be spoken out loud and the patient asked to signal when the 
corresponding printed word is exposed visually to the non- 
dominant hemisphere. Ingenious research techniques that 
overcome the limitations of brief tachistoscopic presenta- 
tions have allowed further exploration of the language 
capacities of the non-dominant hemisphere (Zaidel 1977, 
1978; Gazzaniga 1983). It has become apparent that such 
capacities are present in a small proportion of patients. The 
degree of sophistication varies widely, from primitive levels 
of comprehension to the ability to detect semantic incongrui- 
ties in sentences and to understand syntactic rules. It is expres- 
sive speech that appears to be most outside the capabilities of 
the normal right hemisphere as does normal inferential rea- 
soning (Gazzaniga 1985). 



Some exceedingly rare observations have been made on 
patients after total surgical removal of the dominant hemi- 
sphere. One such patient was investigated by Smith (1966) 
after left hemispherectomy for recurrence of a glioblastoma. 
The patient had previously been strongly right-handed. In 
the immediate postoperative period there was, as expected, 
a severe sensory and motor dysphasia along with right 
hemiplegia and hemianopia. Even then, however, he could 
follow some simple commands, indicating some preserva- 
tion of comprehension of speech. He could also utter emo- 
tional expletives such as 'Goddamit' with good articulation, 
at a time when single words could not be repeated and when 
there was no ability at all to communicate in propositional 
speech. Suddenly in the tenth postoperative week he asked 
his nurse 'What does "B.M." mean?' in response to her 
enquiry about his bowel movements. Thereafter the occa- 
sional use of fragments of propositional speech increased, 
along with ability to repeat progressively longer sentences 
on command, though most of the time the patient remained 
incapable of speaking voluntarily. Comprehension of 
speech, in contrast, appeared to reach approximately 
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normal levels at 1 year postoperatively before the tumour 
recurred (Smith 1972). Of particular interest in view of the 
evidence linking musical functions with the minor hemi- 
sphere (see Auditory agnosia and auditory perceptual 
defects, later) was the patient's eventual ability to sing 
familiar songs and hymns with little hesitation and few 
errors of articulation, even though speaking remained very 
severely impaired. A remarkably similar postoperative 
course has been documented in a second patient (Burklund 
& Smith 1977). Other scattered examples in the literature are 
reviewed by Searleman (1977). 

The rarity of such cases again makes it difficult to esti- 
mate how far the results may have been due to an unusual 
degree of bilaterality of language already present before 
operation, or how far new capacities to organise language 
were developed in the non-dominant hemisphere. The 
complex effects of hemispherectomy on language develop- 
ment following brain damage in childhood are described by 
Vargha-Khadem et al. (1991). A profile of right hemisphere 
language has been summarised as follows: reduced audi- 
tory-verbal short-term memory, better comprehension of 
speech than reading, and rudimentary phonology (affect- 
ing all tasks requiring grapheme-phoneme conversion). 



Finally, there is now considerable evidence that the affec- 
tive components of language, including prosody and emo- 
tional gesturing, appeciation of humour and metaphor, are 
the special prerogative of the right hemisphere (Ross & 
Mesulam 1979; Ross 1981; Benson & Zaidel 1985). Thus 
patients with right hemisphere strokes may lose the ability to 
express emotion by voice or gesture, or to perceive the affec- 
tive colouring in the speech or gestures of others, while 
formal propositional aspects of language remain intact. 
Indeed, Ross (1981) suggests that the functional organisation 
of the affective components of language in the right hemi- 
sphere may closely mirror that of propositional language in 
the left, and has produced evidence of a similar range of 
'aprosodic' subsyndromes to that encountered among the 
aphasias (motor aprosodia, sensory aprosodia, etc.). 

The concept of 'auditory affective agnosia' in relation to 
language is considered later in the chapter (see under Audi- 
tory agnosia and auditory perceptual defects). 

Localisation of language functions 
within the brain 

We have little direct knowledge about the physiological 
mechanisms that underlie language functions in the healthy 
intact brain. Since language is unique to humans there is no 
paradigm which can be studied in animals, and evidence has 
had to accumulate slowly from the study of the damaged 
human brain. Inferences about normal function from studies 
of abnormal function are notoriously dangerous, and not 



surprisingly numerous theories abound on psychological, 
physiological and anatomical levels. It is, however, useful to 
have a framework against which to view the phenomena of 
aphasia, and the theoretical background is therefore briefly 
reviewed before the clinical data are considered. 

Early and primitive localisationist views postulated 
'speech centres' for speaking, reading and writing, proposed 
by Lichtheim and Wernicke in the 1880s, which contained 
the repositories for word images and which could be dis- 
turbed either directly by lesions or by damage to various 
connecting pathways. Freud was one of the first to attack the 
'diagram makers' and propose a more holistic view of the 
functions of the speech territory in the dominant hemisphere . 
Head further developed the dynamic concepts of Hughlings 
Jackson and proposed a classification that depended prim- 
arily on symptoms of deficit rather than locus of lesion. 
However, as noted above, there has been a resurgence of 
interest in those very diagrams which lend themselves to the 
information processing models favoured by contemporary 
cognitive neuropsychologists (Ellis and Young 1988) . Indeed, 
the so-called Wernicke-Lichtheim model does rather well at 
making sense of disorders of spoken language and forms the 
basis of a useful classificatory scheme (see below). Disorders 
of across-language modalities have proved less tractable. 

The classification of the aphasias must be seen in the light 
of the distinct aims of the clinician and the psycholinguist. 
The clinician is trained to recognise syndromes, collections 
of symptoms and signs that frequently cluster together. A 
syndrome so defined, if it is to have any utility, can then be 
related to aetiology, prognosis and possibly pathophysiol- 
ogy including anatomical localisation. Such syndromes tend 
to arise through the astute observational skills of an experi- 
enced clinician. Hence Broca's aphasia, a non-fluent disorder 
of the motoric aspects of speech with relative preservation of 
comprehension. The aetiology is often an occlusion of the left 
middle cerebral artery leading to an infarct of the lateral inf- 
erior frontal lobe. However, to the linguist or cognitive neu- 
ropsychologist, the pathology is of only peripheral interest 
in comparison to the nature of the language disorder itself. 
The non-fluency may be characterised more precisely as a 
reflection of 'agrammatism', the loss of syntactic structures 
or 'function words' linking verbs and nouns, such as prepo- 
sitions, conjunctions and auxiliary verbs. This loss gives 
speech a telegraphic quality which nevertheless conveys 
meaning. It is the nature of the pure cognitive deficit that is of 
interest to the linguist and not the 'accidentally' coexistent 
features of the syndrome. Since comprehension, reading or 
writing may not be similarly affected, the cognitively minded 
observer argues that their presence or absence is not essential 
to the disorder and so can be set aside; if deficits were present 
in these modalities, it might point to a problem at the 'deeper ' 
semantic level. Contrast this with the clinician, particularly 
the neurologist, who may use just such secondary aspects of 
the syndrome including even non-linguistic aspects such as 
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a right Babinski reflex to form an impression of the extent of 
the patient's lesion as it affects the left hemisphere, possible 
causes and likely prognosis. Yet there is no psychological 
connection between retrieval of function words and exten- 
sion of the great toe! The clinician is looking for the presence 
of associations between clinical features that have been noted 
by others to co-occur and which are probabilistic and can be 
supported by epidemiological evidence; the cognitive neu- 
ropsychologist is looking for patterns of deficits and abilities 
which relate to a theoretical model. 

As a result of the above, classification of the aphasias can 
be confusing as it tries to represent these differing perspec- 
tives. The pure cognitive or linguistic account will tend to 
group language deficits according to the level of abnormal- 
ity along the hierarchy shown below. 

• Phonology (or orthography) : the basic 'building blocks' of 
speech (written words). 

• Syntax: the rules governing the grammatical forms of 
words and connections between words in sentences. 

• Lexical semantics: word meaning. 

• Pragmatics: to do with the intended meaning of language 
and conventional usage. 

The broadest and most simplistic clinical classification is 
between motor, non-fluent, expressive Broca's aphasia on 
the one hand and sensory, fluent, receptive Wernicke's 
aphasia on the other. The Wernicke-Lichtheim model allows 
for these two broad types of language disorder, which are 
lesions to the motor word-representation and auditory 
word-representation centres respectively, the hypothetical 
centres sitting comfortably on defined neuroanatomical 
areas. Furthermore, the model both predicts and provides a 
framework to explain other language problems such as con- 
duction aphasia (failure of repetition) and what became 
known as the transcortical aphasias in which repetition is 
preserved. Writing and reading are not included in this 
scheme. While a serious omission, this also reflects clinical 
practice at the bedside which, rightly or wrongly, tends to 
concentrate on spoken language. 

Geschwind (1967) was an important heir to the likes of 
Wernicke and expanded the model to account for language 
in general, based on the learning and arousal of associative 
links. He pointed out that the distinctive element in human 
language, which is not present in animal communication, 
derives from our ability to form higher-order associations 
between one sensory stimulus and another. In subhuman 
primates the principal outflow from sensory association 
areas is to the limbic system, enabling the animal to learn 
which stimuli have importance with regard to drives for 
food, sex or aggression; interconnections between the 
sensory association regions for different sensory modalities 
are meagre by comparison. The impressive advance in the 
human brain lies in the expansion of the zone in the region of 
the angular gyrus at the junction of the temporal, parietal 
and occipital lobes, an area strategically situated with respect 



to the association cortices for hearing, touch and vision 
(heteromodal cortex). It is noteworthy that inputs to this part 
of thebrain are almost exclusively from other cortical regions, 
and furthermore that it is one of the last brain regions to mye- 
linate during development. 

Neuroimaging and language 

In general, structural neuroimaging has tended to support 
the traditional syndrome localisations for the main subvarie- 
ties (Broca's, Wernicke's and conduction aphasias), likewise 
for the principal subdivisions of alexia and agraphia (Benson 
& Ardila 1996) . A large MRI study (Kreisler et al. 2000) exam- 
ined 107 stroke patients and found that non-fluent disorders 
tended to be associated with frontal and putaminal lesions, 
repetition disorders to lesions of the insula-external capsule. 
Disorders of comprehension invariably involved lesions of 
the posterior parts of the temporal gyri, while fluent disor- 
ders with paraphasias were found with temporal lobe lesions 
with extension subcortically. Similarly, Bates et al. (2003) used 
a voxel-based method of matching MRI data with aphasia 
symptoms in 101 aphasic stroke patients and found that 
lesions within the left insula and deep parietal white matter 
affected fluency while more posterior lesions in the left 
middle temporal gyrus had the most impact on auditory 
comprehension (Fig. 2.1: see also Plate 2.1). 

Such analyses shift between discussion of say 'Broca's 
area' as a fixed anatomical entity and as a theoretical con- 
struct. As neurologist Richard Wise (2003) concludes, neu- 
roimaging allows more precise lesion location at the time of 
patient testing than was possible in the past and, as a result, 
syndromes have been described that may be associated with 
lesions at various locations. Rather than this being the result 
of individual differences, he suggests that it is likely that 
'broadly similar clinical syndromes may result from very dif- 
ferently sited cortical, subcortical or tract lesions within dis- 
tributed neural systems that are essentially similar between 
subjects'. 

Non-invasive functional neuroimaging studies using PET 
and fMRI have contributed a great deal to illuminating the 
brain regions involved in language processing in the intact 
brain. 

In what is now regarded as a classic study, Petersen et al. (1988) used 
PET to explore linguistic functions in an interesting experimental 
paradigm. Seventeen right-handed normal volunteers were given 
repeated brief PET scans, using 15 0-labelled water, under a succession 
of experimental conditions arranged hierarchically. By subtraction, 
the effects of each extra task demand on regional cerebral blood flow 
could be discerned. In the first comparison nouns were presented (vis- 
ually or auditorily) without task demands, and compared with a 
control state of simple visual fixation. Involuntary word-form process- 
ing was targeted by this subtraction. Next the subject was required to 
speak each word, revealing areas involved in output coding and motor 
control. Finally, the subject was asked to give a use for each presented 
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Fig. 2.1 Representative slices from VLSM 
maps computed forfiuency and auditory 
comprehension performance of 1 01 
aphasic stroke patients. 

These maps are depictions of t-test 
results evaluating patients' performance 
on a voxel-by-voxel basis, forfiuency (a-c) 
or auditory comprehension (d-f). High 
scores indicate that lesions to these voxels 
have a highly significant effect on 
behaviour. Low scores indicate that the 
lesions had relatively little impact on 
behaviour. From Bates etal. (2003), 
Nature Neuroscience 6, 448-450. See also 
Plate 2.1 . 



word, revealing the cerebral substrate for noun-verb associations 
(semantic processing). 

This work has been replicated and extended in numerous experi- 
ments since. Functional MRI has overtaken PET as the methodology of 
choice for functional neuroimaging and the combined body of work 
from both has been well reviewed for the general reader (Price 2000; 
Small and Burton 2002) . 

However, functional imaging techniques have shown 
additional complexities, revealing areas of hypometabolism 
extending beyond or even distant from the areas of known 
structural damage. Metter and Hanson (1994), for example, 
report PET studies which show that hypometabolism in the 
left temporoparietal cortex appears to be critical for the 
development of aphasia, being present in all the aphasics 
they studied irrespective of the location of structural damage. 
Recent work has attempted to shed light on the processes of 
recovery (Price & Crinion 2005): it appears that recovery of 
speech correlates with slowly evolving ipsilesional (left 
hemisphere) changes in activation. Right hemisphere homol- 
ogous activation after, for example, left anterior hemisphere 
aphasia-producing stroke does not seem to correlate with 
recovery or preservation, so appears to be a reflection of non- 
functional (in the linguistic sense) changes. In terms of speech 
comprehension, the picture is more mixed and it seems that 
both the right and left temporal lobes contribute to recovery. 

Clinical syndromes of language impairment 

For the purposes of clinical evaluation it is useful to consider 
a broad division into defective understanding of speech or 
written material, and defective production of speech or 



writing. However, the great majority of patients with lan- 
guage disturbance show a complicated mixture of deficits. 

For an extended presentation and discussion of the various 
disorders, Benson and Ardila (1996) should be consulted. At 
least partial support for the principal subvarieties and their 
anatomical localisation has come from neuroimaging 
studies, but with the caveats given by Wise and others. The 
syndromes outlined below are clearly to a considerable 
extent abstractions from a very complex whole. 

Broca's aphasia (cortical motor aphasia, 
expressive aphasia) 

The primary defect is on the effector side of speech, thus 
involving the mechanisms by which words are chosen and 
articulated and sentences constructed. Unlike pure word- 
dumbness, however, writing is affected in parallel with 
speaking, and while comprehension is relatively intact there 
may be difficulty in carrying out complex instructions. This 
may be on account of apraxia or because the instructions 
require complex internal verbalisation for their efficient 
execution. 

Speech is characteristically sparse, slow and hesitant, with 
marked disturbances of rhythm, inflexion and articulation, 
unlike the fluent expressive speech of primary sensory dys- 
phasia. Moreover, the patient is clearly under stress while 
trying to speak. Word-finding provides obvious difficulty, 
wrong words are often chosen and the words that are chosen 
are often mispronounced. Marked reiteration and persever- 
ation are common. However, the patient usually recognises 
his mistakes, attempts to correct them and becomes impa- 
tient about them. Moreover, he can select the correct word 
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when this is offered to him. There is a marked impairment of 
syntax (agrammatism; see under Localisation of language 
functions within the brain, earlier). This further impairs the 
patient's ability to transmit meaning. He often tries to com- 
pensate for his speech defects by means of pantomime and 
gesture, all again in contrast to the patient with primary 
sensory dysphasia. 

The phrase length is short, and the style may be abbrevi- 
ated and 'telegraphic' with omissions of words, hut the 
speech that does emerge is meaningful. Ability to repeat 
what the examiner says to him may be an improvement on 
what the patient can produce spontaneously, but neverthe- 
less is always profoundly impaired. In the most severe exam- 
ples the patient may have only one or two words at his 
command, or there may be stereotyped repetition of some 
word or phrase (reiteration or 'recurring utterance'). 
However, total loss of ability to speak is not seen, and an 
occasional speech sound can usually be discerned. 

Among these marked expressive difficulties it may be 
noted that the automatic repetition of serials, suchas numbers 
or days of the week, is relatively well preserved even though 
they are not well articulated. If such lists are well articulated, 
an apraxia of speech may be suspected (see below). Also, in 
severe cases, emotional ejaculations may be surprisingly 
intact when voluntary utterance is reduced to the minimum. 
Sometimes an object exposed to view can be named when the 
same name cannot be found in spontaneous speech. Simi- 
larly, a habitual situation may call forth a word such as 
'goodbye' when the patient is quite unable to produce it on 
request. 

Comprehension of written and spoken instructions may 
be relatively intact but is rarely normal. Particular difficulty 
is encountered over the comprehension of grammatically 
significant structures. Quite often the patient may be well 
aware of the meaning of a word that he reads even though he 
cannot pronounce it aloud. Reading out loud will show a 
halting jerky flow, with slurring and occasional mispronun- 
ciations. Disturbances of writing may be closely similar to 
those of speaking. The lesion is in the posterior two-thirds of 
the third frontal convolution, i.e. the pars triangularis and 
operculum of the premotor cortex, the classic Broca's area. 
Sometimes this extends also onto the lower part of the pre- 
central convolution. 

Wernicke's aphasia (primary sensory/ 
receptive aphasia) 

The primary deficit is in the comprehension of spoken 
speech. There is defective appreciation of the meaning of 
words and in particular of meaning conveyed by grammat- 
ical relations. The patient has corresponding difficulty in 
repeating what is said to him and in responding to com- 
mands. In less severe examples the difficulty in responding 
to commands can be observed to increase with the complex- 
ity of instructions, though interestingly quite complex 



'whole-body' commands can prove to be surprisingly well 
performed (Benson & Geschwind 1971). Other aspects of 
hearing are intact, as with pure word-deafness, but unlike 
the latter there are also impairments of spontaneous speech, 
writing and reading. These added difficulties are attribut- 
able to the fact that the cortical mechanisms for analysing 
incoming speech are directly implicated by the lesion, not 
merely cut off from input as in pure word-deafness. 

Thus ability to speak is also impaired, presumably because 
auditory associations or schemata must first be aroused 
before the efferent speech mechanisms can produce speech 
in a normal manner. In this way the terms 'receptive' or 
'sensory' may be misleading. Words are used wrongly, para- 
phasic errors and neologisms are frequent, and sentences 
tend to be poorly constructed with errors of grammar and 
syntax. However, the faulty speech is produced fluently and 
without effort. Normal rhythm and inflexion are preserved 
and there are no articulatory defects. The speech may even 
be excessive in flow or under pressure, perhaps because 
the effector mechanisms 'run on' to a large degree autono- 
mously when freed from the control of higher functional 
levels. 



A patient reported by Brain (1965) responded as follows. 
When asked 'Do you have headaches?' he replied 'No. I've 
been fort in that way. I haven't been headache troubled not 
for a long time.' When shown a picture of an elephant he 
was unable to name it, but pointed to the mouth and said 
'That's his sound, he is making his sound - seems to have 
got his voice opened there'. When shown a picture of a 
penguin he said 'A kind of little ver (bird) - machinery - a 
kind of animal do for making a sound'. When shown a tape 
measure he called it 'A kind of machinery', and when imme- 
diately afterwards shown a bunch of keys and asked to 
name it he said 'Indication of measurement of piece of appa- 
ratus or intimating the cost of apparatus in various forms'. 



Reiterative errors are obvious in the above example, in that 
the speech is contaminated by words which the patient has 
once used but then cannot easily discard. The patient is 
usually unaware of his mistakes and makes no attempt to 
correct them. Unlike the patient with nominal aphasia (see 
below) he is often unable to recognise the correct name for an 
object when this is told to him. 

Reading and writing are also impaired since these are pre- 
sumably also dependent on the cortical areas involved in 
comprehending spoken speech (and developmentally they 
are learned in association with spoken language). Single 
words may be read aloud correctly, but reading out of sen- 
tences becomes jumbled and contaminated by paraphasic 
errors. Written instructions, even if correctly read, may not 
be carried out, indicating that the patient has failed to 
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understand what he has read. Generally the degrees of disa- 
bility in understanding spoken and written language paral- 
lel each other closely. The disturbances of writing also closely 
mirror those of spoken speech, except that a copious fluent 
flow is much less common in writing than in speaking. 

The lesion is in the auditory association cortex of the sup- 
erior and middle temporal gyri of the dominant hemisphere 
(Wernicke's area), presumably preventing the recoding of 
auditory messages for recognition, and debarring the arousal 
of auditory associations as a necessary step for reading, 
writing and the production of spoken speech. 

Pure word-deafness (subcortical auditory aphasia, 
verbal auditory agnosia) 

The patient can speak fluently and virtually without error, 
and similarly can write normally. He can also read and com- 
prehend what he reads. The defect is restricted to the under- 
standing of spoken speech, even though other aspects of 
hearing are intact. In fact the patient hears words as sounds 
but fails to recognise these sounds as words. Hemphill and 
Stengel's (1940) patient said 'Voice comes but no words. I can 
hear, sounds come, but words don't separate. There is no 
trouble at all with the sound. Sounds come. I can hear, but I 
cannot understand it.' As a result the patient cannot repeat 
words spoken to him and cannot write to dictation. 

Such a defect can equally be regarded as an agnosia for 
spoken words. It is extremely rare, but there is general agree- 
ment that the lesion is in the dominant temporal lobe, closely 
adjacent to the primary receptive area for hearing, i.e. 
Heschl's gyrus of the first temporal convolution. Geschwind 
suggests that it is caused by interruption of the auditory 
pathway to the dominant temporal lobe together with a 
lesion of the corpus callosum. The patient can still hear 
because the auditory pathway to the non-dominant cortex is 
intact, but incoming auditory information cannot gain access 
to the speech-receiving mechanisms of the dominant lobe. 
The disorder is rare because a lesion in this situation will 
usually extend far enough to the surface to damage the 
speech-receiving mechanisms themselves, resulting in 
the more widespread disabilities of a primary sensory 
dysphasia. 

Pure word-blindness (alexia without agraphia, agnosic 
alexia, subcortical visual aphasia, occipital alexia) 

The patient can speak normally and has no difficulty with 
comprehension of the spoken word. His difficulties with lan- 
guage are entirely restricted to his understanding of what he 
reads. The patient can still describe or copy letters even 
though he cannot recognise them, showing that the defect is 
not due to loss of the visual images of the letters. Attempts at 
reading may betray a laborious letter-by-letter strategy. 
Some patients manage better with written script than printed 
material, presumably because they can more readily repro- 
duce the letters in imagination with the right hand and 



thereby obtain kinaesthetic cues. Occasionally, numbers 
continue to be recognised when letters are not, perhaps again 
via kinaesthetic cues that are derived from early associations 
between counting and manual activities. 

The patient can write spontaneously and to dictation, 
though subsequently he cannot read what he has written. 
The writing is usually entirely normal, though it may contain 
minor errors of reduplication or misalignment of letters. 
He may be able to copy written material slowly and 
laboriously. 

An almost invariable accompaniment is a right homony- 
mous hemianopia. Colours cannot be named, even though 
colour perception can be shown to be intact by sorting tests. 
Here it is probably significant that colour naming represents 
a purely visual-verbal association process and cannot derive 
support from other cues. Essentially, word-blindness is a 
failure to recognise the language values of the visual patterns 
which make up words, although there is no disturbance of 
the symbolic function of the words themselves. This is con- 
firmed when the patient can spell out loud and recognise 
words that are spelled out loud. The lesion is of the left visual 
cortex together with the splenium of the corpus callosum; 
thus visual input is possible only to the right hemisphere, 
and cannot gain access to the language systems of the left. It 
is therefore a disconnection syndrome par excellence. The 
situation is analogous to that of the lesion causing pure word- 
deafness. However, pure word-blindness is commoner 
because the lesion does not so readily impinge on the lan- 
guage areas themselves. The usual cause is occlusion of the 
left posterior cerebral artery. 

Pure word-dumbness (apraxic anarthria, subcortical 
motor dysphasia, aphemia) 

The patient can comprehend both spoken speech and written 
material without difficulty, and shows this by his ability to 
respond to complex commands. He can express himself nor- 
mally in writing, which also serves to demonstrate that inner 
speech is perfectly preserved. The defect is restricted to the 
production of spoken speech, which is marked by slurring 
and dysarthria. The patient cannot speak normally at will, 
cannot repeat words heard and cannot read aloud. In severe 
cases he may be totally unable to articulate. Yet for other pur- 
poses the muscles of the tongue and lips function without 
impairment. 

The conditionmay thusbe regarded as an apraxia restricted 
to the movements required for speech. The exact site of 
pathology is uncertain, but the lesion is probably beneath the 
region of the insula, interrupting the pathway from the corti- 
cal centres responsible for motor schemata for words to the 
motor systems used in articulated speech. It is extremely rare 
because the lesion usually also involves the former at the 
same time, resulting in a primary motor dysphasia. It has 
been claimed that Broca's original patient 'Tan' in fact had 
apraxia of speech and that his lesion (a cystic tumour) centred 
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around the insula rather than what has become known as 
Broca's area (Dronkers etnl. 1992). 

Pure agraphia (agraphia without alexia) 

Agraphia may accompany almost any form of generalised 
aphasia or be a component of generalised apraxia. As an iso- 
lated defect, however, it may be seen as the graphic equiva- 
lent of pure word-dumbness. Comprehension of written and 
spoken material is normal, and the patient's own speech is 
unimpaired. However, he is unable to write either spontane- 
ously or to dictation, though he may fare rather better at the 
copying of written material. 

Brain (1965) pointed out that writing is a considerably 
more complex process than articulated speech, since after 
the processes leading up to speech there must then be evoca- 
tion of visual graphic schemata in the posterior parts of the 
brain, and of motor schemata in close relation to the motor 
cortex. The lesion in pure motor agraphia is thought to inter- 
rupt the pathway from the left angular gyrus to the hand area 
of the left motor cortex, and to lie usually in the second frontal 
gyrus anterior to the hand area or sometimes in the parietal 
lobe. 

Nominal aphasia (amnesic aphasia, anomic aphasia) 

Though this is one of the commonest forms of aphasia, it is 
the least understood in terms of pathophysiology. The prin- 
cipal difficulty lies in evoking names at will. This may vary 
from total inability to name any object on confrontation to a 
mild disorder demonstrable only where uncommon words 
are concerned. The patient can describe the object and give its 
use, even when the name eludes him, and like the patient with 
primary motor aphasia can usually recognise the correct name 
when this is offered to him. He can often use the same word 
without difficulty a moment later in spontaneous connected 
speech. Demonstration of knowledge of the concept behind 
the word in pure nominal aphasia is in contrast to the patient 
with semantic dementia, who has lost all the meanings 
attached to the word along with the word itself (see earlier in 
chapter under Amnesia in diffuse cerebral disease; also see 
Chapter 9: Frontotemporal dementia/ Clinical features). 

Conversational speech is fluent, with no difficulty in artic- 
ulation and little or no paraphasic interference, but circumlo- 
cutions are used and word-finding pauses may be evident. 
'Empty words' such as 'thing' or 'these' may be frequently 
employed, and there is a notable lack of substantive words. 
Otherwise, the grammatical structure of sentences is usually 
well preserved. The patient can repeat fluently what is said 
to him, and he usually performs relatively well on well- 
learned serials such as numbers or days of the week. 

Comprehension is relatively preserved in most instances, 
but internal speech is often affected so there may be difficulty 
in understanding or executing some oral or written 
commands. 

It is not generally agreed whether nominal dysphasia rep- 
resents a distinct form of defect. Some view it merely as a 



mild form of primary sensory aphasia, since with expanding 
lesions one may merge progressively into the other. This is 
the type of aphasia which in mild degree has most often been 
attributed to diffuse rather than focal brain damage. Cer- 
tainly it may occur with diffuse brain dysfunction due to 
toxic or degenerative conditions. However, it may also be 
found with focal brain lesions, perhaps particularly (though 
not exclusively) with dominant temporoparietal lesions in 
the neighbourhood of the angular gyrus. Acalculia and other 
components of Gerstmann's syndrome often occur as associ- 
ated deficits. 

Conduction aphasia (central dysphasia, 
syntactical dysphasia) 

Essentially, conduction aphasia consists of a grave distur- 
bance of language function in which speech and writing are 
impaired in the manner described above for primary sensory 
dysphasia, but in which comprehension of spoken and 
written material is nonetheless relatively well preserved, as 
shown for example by simple yes/no responses. Repetition 
of speech is very severely impaired. 

According to Geschwind it results from a lesion that spares 
both Wernicke's and Broca's areas but disrupts the major 
connections between them. Thus Wernicke's area can func- 
tion relatively well in analysing incoming information, 
though it can no longer act to guide the patient's own 
productions. There are contending views about the site of 
the responsible lesion (see Benson & Ardila 1996). One 
view, which accounts for the essential features of the disor- 
der, blames a lesion of the arcuate fasciculus as it passes 
from the temporal to the frontal lobe by way of the parietal 
lobe. The more the lesion comes to implicate Wernicke's area 
itself, the more will comprehension be impaired and the 
closer will the picture approximate to that of primary sensory 
aphasia. 

The repetition defect in conduction aphasia has come 
under closer scrutiny recently. Patients who show a marked 
repetition defect for verbal material presented in the audi- 
tory modality appeared on analysis to have a selective 
impairment of the immediate memory span for auditory 
verbal material that was directly related to the 'memory' 
load of the task. (Note that we routinely test repetition when 
we carry out the digit span test, but regard it as a test of imme- 
diate or short-term memory.) There is much less difficulty 
when comparable material is presented visually. Moreover, 
auditory verbal learning and verbal long-term memory are 
relatively intact, indicating that material can nonetheless 
gain access to the long-term memory store. 

Syndromes of the isolated speech area 

Under this title Goldstein (1948) and Geschwind et cil. (1968) 
describe further variants of aphasia, which though rare 
demand an alternative explanation in terms of mechanism. 
Comprehension is profoundly disturbed, but in contrast to 
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primary sensory dysphasia the patient can easily repeat 
what is said to him, and the ability to learn new verbal mate- 
rial is retained. Moreover, spontaneous speech is slow and 
laboured and lacks the fluency of primary sensory dyspha- 
sia. It is postulated that both Wernicke's and Broca's areas, 
and the connections between them, remain intact but the 
whole system is cut off from other parts of the cortex. It is the 
lack of these widespread connections that leads to impaired 
comprehension and defects of propositional speech. 

Though in pure form the syndrome is extremely rare, two 
variants are well recognised. Transcortical (or extrasylvian) 
motor aphasia differs in that the patient can comprehend 
spoken speech, and is ascribed to a lesion anterior and/or 
superior to Broca's area, or in some cases in the supplemen- 
tary area of the medial frontal cortex. Transcortical (or extra- 
sylvian) sensory aphasia differs in that the fluency of output is 
preserved. Echolalia is often prominent. The facility with 
which the patient repeats the examiner 's statements, and the 
fluent jumbled output of speech, stand in contrast to the 
patient's lack of comprehension. This may lead to misinter- 
pretation of the syndrome as an acute psychotic disturbance, 
especially since obvious neurological deficits can be lacking 
(Benson & Ardila 1996). The lesion usually involves either 
the parieto-occipital or temporo-occipital border zone areas. 

Aphasia and other aspects of intelligence 

Opinion has differed about the extent to which aphasia can 
be regarded merely as Toss of a linguistic tool' while other 
aspects of intellect remain intact. Language is, of course, an 
integral part of conceptual thinking and of problem-solving 
in many areas, but it may be that some aphasic patients retain 
in large degree the automatic and subconscious use of words 
in thinking processes. Impairment of the ordered perception 
of space or time may worsen aphasic difficulties, since a 
proper conception of such matters is essential for symbolic 
thought. Nevertheless, aspects of social cognition may 
remain highly attuned despite severe language impairments 
as may fine perceptual discriminations of people and places. 
The often difficult question of assessing legal competency in 
aphasic patients is discussed by Benson and Ardila (1996). 

Subcortical aphasia 

The possibility that subcortical pathology might contribute 
to, or even be responsible for, certain aphasic syndromes has 
a considerable history. Renewed attention has been directed 
to the issue now that neuroimaging is capable of revealing 
discrete subcortical infarcts, and certain syndromes such as 
'thalamic' and 'striatal' aphasia have been proposed. Benson 
and Ardila (1996) review the still uncertain status of such 
syndromes, and the difficulty in deciding whether the lan- 
guage disturbance reflects the direct effects of the subcortical 
lesion or derives from distant effects induced elsewhere in 
the brain. Functional imaging techniques have shown that 
secondary involvementofcorticallanguageareasiscommon, 



presumably in consequence of 'diaschisis' subsequent to dis- 
ruption of subcortical-cortical mechanisms (Perani et al. 
1987). Instances of 'subcortical neglect' may similarly owe 
much to secondary effects on right hemisphere cortical 
activity. 

The picture usually described is of mutism following an 
acute intracerebral haemorrhage, followed by hypophonia 
and slow amelodic output. This may evolve to a combination 
of severely paraphasic speech with relatively well-preserved 
capacity for repetition, which appears to be the characteristic 
pattern. The subcortical structures involved are virtually 
always situated in the hemisphere dominant for language. 

Thalamic aphasia begins with mutism but generally 
changes to a fluent, paraphasic jargon output. Difficulty 
with naming is often dramatically severe, but comprehen- 
sion and repetition are comparatively well preserved. In 
most cases the language disorder is transient, showing 
improvement over the course of weeks or months. The puz- 
zling feature is the rarity of such a development among the 
considerable number of persons who develop thalamic 
lesions. 

Striatal (stria tocapsular) aphasia appears to derive chiefly 
from lesions of the putamen and internal capsule. The 
patients reported by Damasio et al. (1982a) had prominent 
involvement of the anterior limb of the capsule and also the 
head of the caudate nucleus. Speech remains sparse, fluent 
but hesitant, dysarthric and paraphasic, though again com- 
prehension and repetition are usually good. The ability to 
name is better preserved than with thalamic dysphasia. 
Naeser et al. (1982) have pointed to subdivisions within the 
syndrome according to the precise site of the lesion and its 
extension into neighbouring territories. Perseveration was 
commonly associated with caudate lesions in the survey by 
Kreisler et al. (2000). 

Alexia with agraphia (visual asymbolia, 
parietotemporal alexia) 

The patient is unable to read as with pure word-blindness, 
but in addition he is unable to write. However, the execution 
and comprehension of spoken speech are substantially 
unimpaired. 

The difficulty in reading is similar to that described for 
pure word-blindness. The difficulty in writing varies from 
complete inability to form letters to preservation of partial 
attempts at writing words. Copying is better than spontane- 
ous writing, which is the converse of the situation in pure 
word-blindness. Moreover, the patient cannot understand 
words that are spelled out loud, revealing that he is truly illit- 
erate, unlike the patient with pure word -blindness. 

The condition may be the predominant symptom from the 
outset but this is rare. Usually it is found as the residual dis- 
turbance when a more global dysphasia clears up . It is usually 
accompanied by some degree of nominal dysphasia, dyscal- 
culia, spatial disorganisation or visual object agnosia. 
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The defect results from disturbance of those parts of the 
brain which deal with the visual symbolic components of 
language. The lesion is usually extensive within the parietal 
or parietotemporal region of the dominant hemisphere, but 
the angular and supramarginal gyri are always involved. 

Acquired alexias 

The psycholinguistic classification of the dyslexias or alexias 
has been one of the successes of the cognitive neuropsychol- 
ogy approach (Shallice 1988). Intriguing forms of dyslexic 
error have been highlighted, for example in 'deep dyslexia' 
in which words are misread yet in a manner that betrays 
understanding at some level of their meaning (so-called 
'semantic errors') (Marshall & Newcombe 1973). For 
example, 'dinner' may be read as 'food', 'close' as 'shut', or 
'dog' as 'animal'. Such patients are unable to read even 
simple non- words and cannot 'sound them out'. Observa- 
tions such as these have led to speculation and experimenta- 
tion in attempts to clarify the various routes whereby the 
written word image is translated into meaning (Coltheart et 
al. 1987). Anatomically, patients with deep dyslexia tend to 
have extensive lesions, usually vascular, involving left peri- 
sylvian regions but extending into the frontal, parietal and 
temporal lobes. Hence additional language problems are 
common. The extent to which the intact right hemisphere 
might take on some of the left hemisphere's functions in this 
situation is hotly debated. 

Phonological dyslexia is characterised by a selective 
impairment in the ability to read non-words but without the 
semantic errors of deep dyslexia. Anatomically, the lesions 
tend to involve the anterior perisylvian areas. In contrast 
'surface dyslexia' is characterised by a tendency to read 
words according to how they ought to sound given graph- 
eme-phoneme conversion rules (e.g. 'come' — > 'comb', 
'island' — » 'izland'), known as regularisation errors. This 
pattern may be seen in semantic dementia. The responsible 
lesions tend to be left temporal, insula and putamen. 

Developmental dyslexia (specific reading retardation) 

Some children experience unusual difficulty in learning to read and to 
spell, despite normal or even superior intelligence and equivalent 
educational opportunities to their peers. The proportion so affected 
has varied in different surveys and according to the criteria employed, 
but has been judged to involve just under 4% of 10 year olds on the Isle 
of Wight compared with almost 1 0% in inner London boroughs (Rutter 
& Yule 1975). Such disorder has been labelled 'developmental dys- 
lexia' or, alternatively, 'specific reading retardation' to distinguish it 
from the reading difficulties associated with generally poor intellec- 
tual endowment. 

Important distinctions from the latter have emerged in group com- 
parisons, including a threefold to fourfold preponderance in boys, an 
association with speech and language impairment as opposed to a 
wider range of developmental delays, and less frequent evidence of 
brain damage as judged from birth history, neurological examination 
or EEG (Rutter 1978; Maughan & Yule 1994). Rather strikingly, the Isle 



of Wight study showed that children with specific reading retardation 
made significantly less progress with reading or spelling than children 
with 'general reading backwardness', between the ages of 10 and 14, 
despite their superior intelligence, whereas their progress with math- 
ematics was superior as expected (Yule 1973; Rutter et al. 1976). Dis- 
tinctions between the two groups have traditionally relied on 
identifying the size of the discrepancy between reading attainment as 
predicted on the basis of age and IQ scores and the actual level of 
attainment observed. Though criticised because of the doubtful pre- 
dictive value of IQ for literacy attainment, such a formula permits the 
identification of children with disproportionate reading difficulty 
across a wide range of levels of intelligence, including those whose 
intelligence is below the average. 

The disorder is now increasingly recognised among those engaged 
in education, and specialist courses designed to upgrade the knowl- 
edge and expertise of teachers are slowly being established. However, 
the problems not uncommonly persist into adult life as a continuing 
source of handicap and social embarrassment. With effort and special- 
ist teaching some affected individuals appear to overcome their 
reading problems, proceeding successfully to higher education, 
though poor spelling usually persists as an aftermath. 

Different theories abound as to the basis of the condition. Genetic 
influences are quite strongly apparent from twin studies and more 
recent molecular genetic studies in which loci on chromosomes 6 and 
18 have shown strong and replicable effects on reading abilities 
(Francks et al. 2002). Environmental influences such as poor family cir- 
cumstances or inadequate schooling clearly also make a contribution. 

Traditionally, the disorder has been viewed by neurologists as 'mat- 
urational' in nature, perhaps resulting from delayed myelination or 
other problems in crucial neural systems. However, recent studies 
have given support to the proposition that definable abnormalities of 
cerebral structure or function may sometimes persist even in adults 
who have largely compensated for their early deficits. These abnor- 
malities include anomalous asymmetry, areas of architectonic dyspla- 
sia, disruption of the normal laminar organisation of the cortex, along 
with neuronal 'ectopias' consisting of abnormal nests of cells in the 
cortex and subjacent white matter. There may be an association with 
epilepsy 

MRI studies have confirmed that an unusual degree of symmetry of 
the planum is significantly more common in dyslexic subjects than 
controls (Larsen etal. 1990) . Moreover, in Larsen etal.’s study of 19 ado- 
lescent dyslexics, there was a close relationship between abnormal 
symmetry of the planum and measures of phonological dysfunction. 
Hynd and Hiemenz (1997) summarise more recent interesting find- 
ings concerning posterior perisylvian morphology in dyslexia. Other 
regional abnormalities affecting the splenium of the corpus callosum, 
which connects the regions of the angular gyri of the two hemispheres, 
have been noted as well as abnormal connections to the left fusiform 
gyrus, thought by some to represent a 'word form' area (see Demonet 
et al. 2004 for a review). Along different lines, Livingstone et al. (1991) 
and others have pursued the hypothesis that there are problems with 
relatively 'early' perception of visual material. Finally, Uta Frith and 
her colleagues have devised elegant strategies for exploring the role of 
defective phonological decoding in dyslexia, using PET to detect the 
brain regions involved (Paulesu et al. 1996) . Problems in the domain of 
phonology are currently strongly favoured as a core problem in devel- 
opmental dyslexia (Snowling 1996), and phonological strategies 
appear to be especially effective with many dyslexics in attempts at 
remediation. Moreover, among those dyslexics who attain academic 
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success, this is often largely achieved through acquiring a large 'sight 
vocabulary', and underlying deficits in phonology may persist 
throughout adulthood. An excellent review of the research in this area 
and its implications is provided by Vellutino et al. (2004). 

Jargon aphasia 

'Jargon aphasia' is the term used when speech is produced 
freely, volubly and clearly, but with such semantic jumble 
and misuse of words that meaning cannot be discerned. 
Typically there are phonetic distortions, neologisms, words 
put together in meaningless sequence, and sequences 
which are entirely irrelevant. The intonation and rhythm 
of formal speech are nevertheless preserved. Jargon aphasia 
is conventionally regarded as representing a severe example 
of primary sensory aphasia, perhaps with superadded 
difficulties due to pure word-deafness, or perhaps with a 
marked degree of generalised intellectual impairment. 
Kertesz and Benson (1970) have reported typical severe neol- 
ogistic jargon in patients with both Wernicke's and conduc- 
tion aphasia. 

Weinstein et al. (1966) were led to conclude quite differ- 
ently that jargon aphasia represents aphasia in conjunction 
with anosognosia, rather than a distinctive pattern of break- 
down in the intrinsic speech structure. In their patients recep- 
tive difficulties were rarely severe, and the distinctive 
accompanying feature was disturbance of consciousness 
sufficient to produce confabulation, disorientation and redu- 
plicative delusions . In conformity with their observations on 
anosognosia generally (see Anosognosia, later), the jargon 
often appeared selectively when the patient was questioned 
about his disabilities, and more coherent speech was pro- 
duced in relation to neutral topics. The pathological basis 
was a lesion of the dominant hemisphere along with addi- 
tional brain damage elsewhere, and all patients had bilateral 
cerebral involvement. However, in favour of the conven- 
tional view that jargon represents a primary receptive defect, 
with failure to monitor speech productions, is the finding 
that patients who display it are not disturbed in the normal 
fashion when made to listen to delayed auditory feedback of 
their own speech productions. 

Psychiatric disturbance and aphasia 

Benson and Geschwind (1971) and Benson (1973) summarise 
the common forms of reaction that may be seen in aphasic 
patients. These differ considerably in the different forms of 
language defect. 

In primary motor aphasia (Broca's aphasia), frustration 
and depression are frequently seen, or more rarely the 'cata- 
strophic reaction' in which tension and embarrassment cul- 
minate in a sudden outburst of weeping or anger with the 
patient's realisation of his failings. Indeed the absence of dis- 
tress among such patients is usually indicative of widespread 
cerebral damage and consequent impairment of general 
intellectual ability. Both frustration and depression are con- 



sidered to indicate a more favourable prognosis for recovery 
with therapy, representing as they do an awareness of the 
speech difficulties. On the other hand, angry negativism 
with hostile responses and refusal to participate in trea- 
ment can sometimes emerge and seriously complicate 
rehabilitation. 

In contrast, the patient with primary sensory (Wernicke's) 
aphasia typically shows a lack of interest in, or even una- 
wareness of, his language problems. Such patients often act 
as though they believe their own speech to be normal and as 
though they feel that people around them fail to speak nor- 
mally. Agitation and sometimes severe paranoid reactions 
may ensue, with suspicions that others are talking about 
them, plotting against them or deliberately using unintelligi- 
ble jargon to prevent them from understanding. Outbursts of 
impulsive aggressive behaviour may be seen. In Benson's 
experience almost every patient who had needed custodial 
care during recovery from aphasia had suffered a paranoid 
reaction secondary to severe comprehension disability. 
Aphasia is frequently followed by calamitous alterations in 
lifestyle and economic status, along with disruption of 
simple pleasures such as conversation, reading or watching 
television. Social and family status are often undermined, 
irrespective of the presence of other handicaps such as hemi- 
paresis, likewise confidence in sexual functioning. 

Language and schizophrenia: the problem of 
'thought disorder' 

Thought disorder is the label that psychiatrists use to describe 
what is essentially an expressive disorder of spoken lan- 
guage, found in schizophrenia but not exclusive to that dis- 
order. The distinction between the language disorder seen in 
certain schizophrenic and manic patients and the phenom- 
ena of aphasia due to brain damage needs to be very care- 
fully distinguished. This can only be doneby careful attention 
to the form of language output and by comprehensive tests of 
language function. Linguists who have studied schizo- 
phrenic speech have reached different conclusions, some 
arguing for a distinct disorder of language and others that 
such speech can be classified within the standard aphasia 
rubric. In one study that used speech transcripts from 
patients with schizophrenic thought disorder and (mostly) 
fluent aphasias, clinicians were poor at distinguishing the 
two (Faber et al. 1983). The 'word salad' of the chronically 
deteriorated schizophrenic may sometimes closely resemble 
aphasic speech; conversely, some patients with aphasia are 
mistakenly diagnosed as psychotic for long periods of time, 
especially those with primary sensory aphasia or transcorti- 
cal sensory aphasia who produce a wealth of paraphasic 
neologisms. The neurological examination is often negative 
in such patients, their output is vague and apparently 'con- 
fused', and they may react negatively to the examiner's 
speech in a manner suggestive of psychosis. Any sudden 
onset of speech disorder must therefore always dictate 
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caution, even in the established chronic schizophrenic 
patient. 

Gerson et al. (1977) analysed tape-recorded interviews 
with groups of posterior aphasic and schizophrenic patients 
in order to determine the features most useful in making the 
clinical distinction. The length of verbal responses to open- 
ended questions was considerably shorter among the apha- 
sics, and these did not show the bizarre reiterative themes 
frequently encountered among the schizophrenics. The 
aphasic patients showed at least some awareness of their lan- 
guage difficulties, and used gestures or pauses to enlist the 
examiner's aid, whereas the schizophrenic patients were 
impervious to the adequacy or otherwise of their communi- 
cation. Vagueness of response arose from word-finding diffi- 
culties in the aphasic patients but was apparently attributable 
to shifts of attention in the schizophrenics. The 'circumlocu- 
tion' of aphasia could thus often be contrasted with the 
'circumstantiality' of schizophrenic speech. In Faber et al .' s 
(1983) study, paraphasias were equally distributed among 
the two patients groups but frank incoherence, idiosyncratic 
use of words and tangentiality were more common in the 
thought disorder group. 

In a recent and fine-grained application of an aphasiologi- 
cal approach to schizophrenic thought disorder, Oh et al. 
(2002) compared a carefully selected group of six patients 
with thought disorder and a matched comparison group of 
seven patients without. They used a battery of tests includ- 
ing the Boston Diagnostic Aphasia Examination (BDAE) 
coupled with a quantitative analysis of patients' utterances, 
and in a subgroup the Psycholinguistic Assessment of Lan- 
guage Processing in Aphasia (PALPA) and the Test for the 
Reception of Grammar (TROG) . They found that some of the 
abnormalities observed in the speech of patients with schizo- 
phrenia, including syntactic errors, may be accounted for by 
their general cognitive impairment. This implies that deficits 
in attention and concentration or working memory are at the 
root of such problems and that higher-level problems of dis- 
course planning reflect problems with planning generally. 
Of particular interest was the finding that the thought-disor- 
dered group, even those with preserved cognitive function- 
ing, showed most impairment at the level of semantics in 
their expressive speech. This was in contrast to high levels of 
visual confrontation naming and ability to comprehend 
complex material, for example '. . . working the mind can 
comfort the bathroot as well, so it can be growthful, under- 
stand?' elicited during conversation. Attempts to recount 
fairy tales elicited disorganised and tangential speech that 
lacked a global semantic structure, presumably because of 
the open-ended, unconstrained nature of these tasks. Putting 
all the results together the authors characterised 'schizopha- 
sia' as an expressive semantic abnormality with preserved 
naming. In line with the main locus of impairment as being at 
the semantic level, Rodriguez-Ferrera et al. (2001) also found 
ample evidence of semantic disorders in speech in their 



sample of 40 schizophrenia patients using the Pyramid and 
Palm Trees test, in which the subject is shown the written 
name of an object (e.g. an Egyptian pyramid) and then has to 
decide which of two other words is related to it, a palm tree or 
a pine tree. The thought-disordered patients' errors on this 
task revealed impairments at the level of semantic represen- 
tations or concepts. This supported work by Kuperberg et al. 
(1998, 2000) which showed that thought-disordered patients 
(in comparison to non-thought-disordered controls) were 
less 'surprised' by linguistically anomalous endings to 
spoken sentences, indexed by relatively less prolongation in 
reaction time to press a button indicating they had heard a 
target word at the end of the sentence. They were less sensi- 
tive to linguistic (syntactic, semantic and pragmatic) viola- 
tions because they were apparently unable to use linguistic 
context to form an overall semantic representation needed to 
process speech online. 

Reduced expression 

Poverty of speech and poverty of thought content are cardi- 
nal symptoms of schizophrenia normally assessed through 
the patient's spoken output. Reduced or slowed speech may 
reflect depressed mood and psychomotor retardation gener- 
ally, as well as part of the negative schizophrenia syndrome. 
Non-fluency in this situation may occasionally need to be 
distinguished from a Broca's aphasia. Interestingly, reduced 
left prefrontal activation as measured by PET may accom- 
pany such deficits in both schizophrenia and depression 
(Dolan et al. 1994). Parkinsonism, either idiopathic or sec- 
ondary to antipsychotic medication, may cause a similar 
clinical picture. Again, one might argue whether poverty of 
speech is truly a language disorder or a higher-level problem 
of initiation and planning. 'Dynamic aphasia' is the term 
sometimes given to the rare neurological syndrome in which 
spontaneous verbal output is much reduced but is normal 
when 'unlocked' by presentation of a picture or a simple 
question or a repetition task. It is initiation of speech that is 
compromised due to a left frontal lesion, perhaps localised to 
Brodmann's area 45. 

The verbal fluency test may be used to quantify reduced 
speech in terms of a psychometric deficit. The patient can be 
asked to generate as many words as possible in a minute 
beginning with a given letter (F, Aor S) . This canbe contrasted 
with semantic fluency in which the patient is asked to 
produce as many words as possible from a given category 
(e.g. four-legged animals). Generally, more items are pro- 
duced in the latter situation, but where the semantic system 
is compromised (in Alzheimer's disease and, some would 
argue, schizophrenia) the pattern may be reversed. 

Conversion disorders 

It is only on rare occasions that difficulty arises in distin- 
guishing between psychogenic and organic disturbances of 
language function. The most common hysterical speech 
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disorder consists of complete aphonia or mutism, or if sounds 
are produced there are usually no recognisable words at all 
but repetitions of phonemes and babble reminiscent of 
'speaking in tongues' found in some evangelical religious 
settings during trance. A very rare example of dyslexia and 
dysgraphia of psychogenic origin has been described by 
Master and Lishman (1984). 

Executive (frontal lobe) syndromes 

Certain clinical features have long been associated with 
damage to the frontal lobes. These are not unique to frontal 
lobe pathology, but they are seen more regularly and perhaps 
more strikingly than after damage to other cortical struc- 
tures. This lack of one-to-one correspondence between 
behaviour and lesion location led Baddeley and Wilson 
(1986) to coin the term 'executive dysfunction' for what had 
previously been known as 'frontal lobe dysfunction'. 

Clinical picture 

Evidence about this syndrome has come from studies of 
patients with various types of brain pathology. These include 
patients with head injury or frontal lobe tumours. Evidence 
has also accumulated from studies of patients after surgical 
excisions of frontal lobe lesions and, in the past, from patients 
who had extensive frontal leucotomies. The consensus of 
evidence suggests that lesions of the convex lateral surface 
(dorsolateral cortex) are especially prone to mental slowing 
and a lack of spontaneity, whereas lesions to the orbital 
undersurface of the brain (ventromedial pathology) are 
liable to have adverse effects on personality and social behav- 
iour. Bifrontal lesions appear particularly damaging. The 
most striking changes are often in terms of behaviour, social 
awareness, habitual mood, volition, and psychomotor 
activities. 

Commonly, there are what might be described as 'nega- 
tive' symptoms. These include a lack of initiative and spon- 
taneity, usually coupled with a general diminution of motor 
activity. Responses are sluggish, tasks are left unfinished, 
and new initiatives rarely undertaken. In consequence, the 
capacity to function independently in daily life can be pro- 
foundly affected. Yet when vigorously urged, or constrained 
by a structured situation, the patient may function quite well. 
Hebb (1949) described how cognition and intellect can be 
apparently unaffected despite huge frontal lesions, and the 
patient may achieve virtually normal performance in situa- 
tions in which the examiner provides the impetus, such as in 
many formal tests of intelligence. How far the impairment of 
initiative represents a true loss of interest, or an apparent loss 
due to impaired volition, is often hard to discern, but this 
apathy and inertia may closely mimic depression. 

Other patients tend to show 'positive' symptoms. They are 
restless and hyperactive rather than sluggish, but again are 



likely to display a lack of purposive goal-directed behaviour. 
Their mood is often mildly euphoric and out of keeping with 
their situation. There may be rather empty high spirits, 
accompanied by a boisterous over-familiarity in manner. 
Such changes are rarely sustained, however, and when left to 
themselves these patients become inert and apathetic. Out- 
bursts of irritability are also common and a childlike petu- 
lance may also be seen. The euphoria is sometimes elaborated 
into a tendency to joke or pun, to make facetious remarks or 
to indulge in pranks. Very occasionally, it extends to a state of 
excitement, pressure of speech, and ebullience, which can be 
termed 'secondary mania'. 

Serious changes are observed in social awareness and 
behaviour. Typically, the patient is less concerned with the 
consequences of his acts than formerly. Loss of 'finer feelings' 
and social graces form part of a general coarsening of the per- 
sonality. In interpersonal relationships, there is a lack of the 
normal adult tact and restraints, and a diminished apprecia- 
tion of the impact of behaviour on others. Judgement may be 
markedly impaired. The patient shows little concern about 
his future and fails to plan ahead or to carry through ideas. 
Inability to forejudge the consequence of actions leads to 
foolish or irresponsible behaviour. Normal social restraints 
fail to exert control. Disinhibition is sometimes apparent in 
sexual behaviour, and may vary from lewd remarks to overt 
disinhibited behaviour that may even precipitate criminal 
charges. 

These changes are seen to varying degree, sometimes 
merely as a blunting of the previous personality, but some- 
times as a radical change of behaviour that is grossly disa- 
bling. The patient usually has little insight into the changes 
which have occurred. The component symptoms may be 
seen in different combinations, but there is a certain commo- 
nality from one patient to another, which has led to the 
continuing use of the terms 'dysexecutive' or 'frontal lobe' 
syndrome. 

Classical case reports 

Harlow (1868 [1993]) described the case of Phineas Gage, a 
railway engineer in New England. Gage's job was to bore a 
hole, lay explosive, cover it with sand, and then to use a fuse 
and a tamping iron to set off the explosive. However, on one 
occasion, he made a grave mistake, placing the tamping iron 
directly over the explosive, at which point there was an 
explosion that sent the iron through his skull and for a further 
20 feet or so into the air. Remarkably, Gage did not lose con- 
sciousness, and he was able to walk to the cart which took 
him to hospital. In fact, he lived for another 20 years. He had 
little difficulty with language or memory, and his motor 
skills were unchanged. However, there was a pronounced 
change in personality and behaviour: whereas he had been 
considered an outstanding employee, he became unreliable, 
disrespectful and was lacking in social skills, and soon lost 
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his job. Harlow (1868) attributed this altered behaviour to 
damage to the frontal lobes of Gage's brain. Gage's body was 
exhumed in 1866, and the skull and the offending tamping 
iron were preserved in a Harvard museum. This allowed 
Damasio et al. (1994) to carry out modern neuroimaging on 
the skull and to estimate the precise location of Gage's brain 
lesion. They concluded that his lesion would have princi- 
pally involved the orbitofrontal and anterior medial frontal 
regions bilaterally. 

Eslinger and Damasio (1985) described a somewhat 
similar patient. This man was chief accountant, a college 
graduate, who had been extremely successful in his early 
career, rapidly climbing his professional hierarchy. A large 
frontal meningioma was removed surgically, involving a 
large portion of the orbitofrontal cortex but also involving 
dorsolateral frontal cortex. Although his IQ and memory 
were well preserved, this man's professional life deterio- 
rated strikingly. He set up business with a former coworker, 
but the business failed and he became bankrupt. He drifted 
through several jobs, but he was found to be disorganised 
and was dismissed from each of them. He would take two 
hours to get ready in the mornings; he was somewhat 
obsessional, and indecisive. Purchasing goods required 
lengthy consideration of brands, prices and methods of 
purchase. 

Interestingly, Shimamura (2002) has described similar 
phenomena in the photographer Eadweard Muybridge. 
Muybridge, who was born in Kingston upon Thames, emi- 
grated to North America as a young man, finding his way to 
California. However, he was caught up in a stagecoach 
robbery, in which he was thrown from the stagecoach injur- 
ing his head. Subsequently, Muybridge returned temporar- 
ily to the UK, where he was looked after by Sir William Gull 
of Guy's and St Thomas's hospitals during his convales- 
cence. He returned to North America, and most of his photo- 
graphic inventions and innovations, including his famous 
studies of people or racehorses in motion (which were the 
precursor of cine-photography), were carried out during the 
next 30 years. However, his behaviour was changed in ways 
which Shimamaura (2002) attributes to frontal lobe damage 
as a result of the head injury. During this period, Muybridge 
shot dead his wife's lover but managed to obtain an acquittal 
on the grounds of his brain injury. 

A more specific deficit was described by Lhermitte (1986), 
who reported imitation and so-called 'utilisation behaviour' 
in patients with frontal lobe lesions. Lhermitte observed 
patients in complex everyday life situations, i.e. without the 
constraints normally imposed during clinical assessment. 
He noted behaviours which he proposed reflected a lack of 
personal autonomy, coupled with an excessive dependence 
on the social and physical environment ('environmental 
dependency syndrome'). Decisions concerning the patients' 
actions were not made for themselves, but the behaviours 
were called forth by surrounding external stimuli: 'For the 



patient, the social and physical environments issue the order 
to use them, even though the patient "himself" or "herself" 
has neither the idea nor the intention to do so.' Lhermitte 
suggested that a shift in the balance between personal auton- 
omy and environmental influences reflected decreased 
control by frontal systems over the parietal sensorimotor 
systems linking the individual to the world around. From 
this might follow such classic features as disinhibited behav- 
iour, distractibility, loss of flexibility of action, and loss of 
self-criticism. 

Thus when taken into a room containing a buffet, Lher- 
mitte's patient laid out the glasses and offered him food, 
spontaneously behaving like a hostess. Confronted with 
make-up, she used it immediately, and seeing wool and knit- 
ting needles began to knit. Another patient, when taken into 
a bedroom with the sheet turned back, got undressed, went 
to bed and prepared to go to sleep. On hearing the word 
'museum' while in an apartment, he began methodically to 
examine the paintings on the wall, and walked from room to 
room inspecting various objects. 

Neuropsychology of executive function 

An enormous range of cognitive functions has been attrib- 
uted to the frontal lobes. These include the initiation of 
responses, the maintenance of responses, the suppression of 
irrelevant or inappropriate responses, the planning and 
organisation of behaviour, abstract and conceptual thinking, 
monitoring and editing of responses, the temporal organisa- 
tion of behaviour and memory, aspects of working memory, 
and the encoding and / or retrieval of new or remote episodic 
memories. 

Consistent with this, a wide range of tests has been devel- 
oped that purport to measure some aspect of executive func- 
tion. Commonly employed are FAS verbal fluency, the 
Wisconsin or Modified card-sorting tests, cognitive esti- 
mates, Trailmaking, various tasks that require alternating 
patterns of behaviour or shifts in response, the Stroop test, 
working memory or continuous performance tests, prospec- 
tive memory, and source or temporal context memory tasks. 
One view is that the commonality in such tests boils down to 
a single factor, akin to Spearman's 'g' (Duncan 1986, 2001), 
which guides activation of representations stored elsewhere 
in the brain. The alternative view is that, to varying degrees, 
these tasks reflect differing aspects of frontal lobe function- 
ing. In practice, correlations between performance on these 
different tasks are relatively low, especially when IQ has 
been partialled out (Shoqeirat et al. 1990; Kopelman 1991). 
Moreover, patients with large frontal lesions can show sig- 
nificant behavioural impairments without this necessarily 
being reflected in their performance on any of these tests 
(Shallice & Burgess 1991a, b). More recently, 'ecologically 
valid' virtual reality tasks have been developed (Morris et al. 
2005), but questions still arise as to how and to what degree 
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these relate to the more traditional tasks, and whether frontal 
lobe function should be conceived as having an underlying 
unity or whether it is essentially fragmented. 

In the light of this, attempts have been made to 'model' 
frontal lobe function. Wood and Grafman (2003) have 
reviewed some of these theories. These authors point out 
that the ventromedial prefrontal cortex has reciprocal con- 
nections with brain regions associated with emotional 
processing (amygdala), memory (hippocampus) and higher- 
order sensory processing (temporal visual association areas), 
as well as with dorsolateral prefrontal cortex. The dorsola- 
teral prefrontal cortex has reciprocal connections with brain 
regions associated with motor control (basal ganglia, premo- 
tor cortex, supplementary motor area), performance moni- 
toring (cingulate cortex) andhigher-order sensory processing 
(association areas, parietal cortex). The ventromedial pre- 
frontal cortex is therefore well suited to support functions 
involving the integration of information about emotion, 
memory and environmental stimuli, and the dorsolateral 
prefrontal cortex to support the regulation of behaviour and 
control of responses to environmental stimuli. 

Perhaps the most popular model of executive or frontal 
lobe function is the supervisory attentional system model of 
Norman and Shallice (1980; see Shallice 1988). This model 
was based on two main premises: the first that the routine 
selection of routine operations is decentralised, and the 
second that non-routine selection is qualitatively different 
and involves a general-purpose supervisory system, which 
modulates rather than dictates the operation of the rest of 
the system. The model postulates that routine mental pro- 
cedures are handled using processing modules, schemata 
linking these modules together for a particular task, and 
'contention scheduling' which allows multiple routine 
tasks to occur together in an efficient way. For non-routine 
activities, the supervisory system was required to control 
the schemata and contention scheduling. A criticism of 
this model (and also of Baddeley's 'central executive' 
working memory model) is that it is essentially homuncular. 
However, more recently, an elaboration of this model has 
been proposed, which postulates at least six component 
processes that are recruited by the supervisory system in 
anticipation of, or early in, task performance (Stuss et al. 
2005). These processes are energising schemata, task-setting, 
inhibiting task-irrelevant schemata, adjusting contention 
scheduling so that the automatic processes can work more 
smoothly, monitoring the level of activity in schemata, and 
controlling the 'if this, then that' logic required to move 
through the steps of a task. It is argued that these different 
higher-order processes, subcomponents within the unitary 
system, will allow the frontal lobes to perform a variety of 
'anterior attentional' tasks, including focused attention, 
divided attention, sustained attention, inhibitory processes, 
switching attention, preparation in response to a signal, and 
setting an appropriate sequence of processes. Moreover, by 



careful architectonic localisation of brain lesions, Stuss et al. 
(2005) have begun to examine the critical sites for perform- 
ance of these tasks, arguing that the energisation of schemata 
is sensitive to pathology in the medial superior frontal 
regions, whereas the monitoring of stimulus occurrence and 
response behaviour is sensitive to right lateral frontal 
pathology. 

Recent work has also examined the functioning of the 
frontal poles or anterior prefrontal cortices (Burgess et al. 
2005). This region can be activated in functional imaging 
studies independently of other frontal lobe regions and, 
again, lesions to this region do not necessarily result in 
impaired functioning on traditional executive tests. Most 
commonly, impairments are seen on tests involving multi- 
tasking or prospective memory. Burgess et al. (2005) have 
postulated that this region is particularly involved as a 
'gateway mechanism' that controls switching between 
stimulus-orientated and stimulus-independent thought 
(compare Lhermitte, above). This cognitive control mecha- 
nism is used in a wide range of situations critical to compe- 
tent behaviour in every day life, ranging from straightforward 
'watchfulness' to complex activities such as remembering to 
carry out intended actions after a delay, multi-tasking, and 
aspects of recollection. These are situations which require 
the person to be particularly alert to the environment, to con- 
centrate deliberately on his thoughts, or to be involved in 
conscious switching between these states. The authors have 
speculated that damage to the functioning of this region 
might be relevant to psychiatric phenomena such as halluci- 
nations and intrusive thoughts. 

Other theories of frontal lobe functioning have been well 
reviewed by Wood and Grafman (2003); more specifically, 
the putative role of ventromedial frontal lesions in the genesis 
of spontaneous confabulation has been noted above. Neu- 
ropsychological research on executive functioning also has 
practical clinical implications in terms of the development of 
cognitive and behavioural rehabilitation strategies (e.g. goal 
management training; Levine et al. 2000) and in terms of 
examining the interaction with behavioural genetics, using 
contemporary techniques to identify genetic markers (e.g. 
O'Keefe etal. 2004). 

Disorders of action and the apraxias 

Apraxia refers, in essence, to an inability to carry out learned 
voluntary movements, or movement complexes, when this 
cannot be accounted for in terms of weakness, incoordina- 
tion, sensory loss or involuntary movements. The patient 
cannot willingly set the movement in train or guide a series 
of consecutive movements in their correct spatial and tem- 
poral sequence, even though the same muscles can be used 
and analogous movements performed in other contexts. 

Liepmann (1905) first established the validity of apraxia as 
a clinical entity in its own right, and that both unilateral and 
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bilateral forms of the syndrome could occur. He showed that 
it could be differentiated from language disorders and paral- 
ysis, although he argued that apraxia was not a simple 
unitary disorder but that it could arise at a number of stages 
in the processes involved in organising a voluntary action. 
Geschwind and Damasio (1985) pointed out that apraxia is 
often overlooked on clinical examination since it is unlikely 
to be complained of by the patient or his family. The patient 
who is apraxic on testing will usually perform learned move- 
ments normally in a natural setting, and especially when he 
can see and manipulate objects in their proper environment. 
In consequence, the disorder is probably a good deal com- 
moner than is usually appreciated. 

The essential nature of apraxic disturbances is still poorly 
understood. Aphasia is an accompanying defect in the great 
majority of cases and deficient comprehension of commands 
may sometimes play a part. Agnosia for an object may hinder 
the patient from carrying out purposive movements appro- 
priate to its use, while agnosia for spatial relationships will 
similarly interfere with the copying of a movement by imita- 
tion. Over and above such complications, however, there is 
usually a higher-order cognitive impairment with a specific 
bearing on motor function. 

The difficulties for any explanatory system include the 
observation that movements which cannot be performed to 
command can sometimes be performed in imitation of the 
examiner, or a movement which cannot be initiated is per- 
formed a moment later when the patient's attention is not 
directed towards it. Sometimes simple discrete movements 
are affected, and sometimes complex coordinated sequences 
as in the use of a tool. Frequently, performance is much better 
in the actual presence of the tool than when the patient is 
asked to demonstrate its use in imagination. To a surprising 
degree, whole-body movements to command are often 
found to be perfectly preserved, while limb and facial move- 
ments are defective. Hence, simple hierarchies of difficulty 
do not provide an adequate explanation for these 
anomalies. 

Apraxia is probably more often seen in diffuse than in 
strictly focal brain lesions so that other intellectual processes 
are often involved. With focal lesions, however, other cogni- 
tive processes may prove to be largely intact, even though at 
first sight the severely apraxic patient is sometimes misdiag- 
nosed as having a dementia. Nevertheless, such patients are 
severely handicapped in many tasks requiring the demon- 
stration of intelligence. It is likely that the schemata for pur- 
posive movement are so interwoven in cognitive processes 
that their disruption is bound to have a more general adverse 
effect. 

Brain (1965) suggested that purposive movements are 
organised by 'schemata' that may or may not enter con- 
sciousness depending on the context of the movement. The 
more practised the act, and the more automatic it has become, 
the more it will be carried out without conscious awareness 



and conscious volition. Apraxia may be regarded as the 
result of disorganisation in such schemata and as taking 
place at various levels of complexity. At the highest level 
will be found disturbance where schemata are involved in 
the formulation of the idea of a movement; at the lowest, 
the schema consists of a motor pattern that regulates the 
selection of appropriate muscles. In contrast, Geschwind 
(1965) characteristically put forward a disconnection model, 
in which he postulated that lesions which disrupted connec- 
tions between auditory association cortex and motor associ- 
ation cortex of the dominant hemisphere would result in 
an inability to carry out motor commands with the limbs 
on either side of the body. Lesions of the left motor cortex 
would produce a right hemiplegia together with apraxia 
limited to the left arm when the origin of the transcallosal 
pathway had been destroyed. Lesions of the corpus callosum 
would result in apraxia to command without dysphasia, and 
limited to the left arm and leg, since the motor cortex of the 
right hemisphere would now be isolated from the speech 
mechanisms of the left. More contemporary theories are dis- 
cussed below. 

Many varieties of apraxia have been postulated and these 
are briefly outlined below. 

Limb kinetic apraxia: the skill and delicacy of movements is 
disturbed for both complex and simple actions. Thus the 
patient may have difficulty in doing up buttons or opening a 
safety pin. The difficulty the patient experiences reflects the 
degree of muscular complexity, rather than the psychomotor 
processes involved. It may be confined to particular muscle 
groups, and even to certain fingers of the hand. This form has 
characteristics intermediate between a paresis and apraxia, 
and therefore is often excluded from the apraxias proper. It 
results from a relatively small lesion of the contralateral pre- 
motor cortex. 

Ideomotor apraxia refers to the inability to carry out a requested 
movement properly. It may be regarded as a disturbance of 
voluntary movement at a fairly low level of motor organisa- 
tion or, alternatively, as a disturbance of the use of space 
centred on the body. The patient can often formulate to 
himself the idea of a movement that he wishes to perform but 
is unable to execute it. Thus the voluntary impulse does not 
evoke the appropriate organisation of the movement in space 
and time. For example, the patient cannot raise his hand or 
wave it to command, even though the instructions are under- 
stood. In some cases, he could copy a couple of movements, 
but this too may fail. Yet essentially the same movements can 
be performed automatically, as in signalling goodbye or in 
the course of other activities to which his attention is not 
directed. The disorder is usually bilateral and most com- 
monly involves the arms. Unilateral apraxia almost always 
involves the left arm, and then is typically seen with right 
hemiplegia and aphasia. 
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Ideational apraxia: the patient is unable to carry out coordi- 
nated sequences of actions, such as taking a match from a box 
and striking it, or to perform the complex movements 
involved in using such tools as a comb or pair of scissors. Ide- 
omotor apraxia may coexist or, in contrast, the patient may 
be capable of straightforward imitation of simple move- 
ments. Sometimes, performance is clearly better when the 
tool is held by the patient than when he attempts to demon- 
strate the action in the abstract. Variability may be seen from 
one task to another and on different occasions. In ideational 
apraxia, the conception of the required movements appears 
to be disturbed, together with planning of the acts to be 
accomplished. It may be regarded as a form of 'program- 
ming' apraxia, whereas ideomotor apraxia is a more basic 
executory defect. Ideational apraxia is always bilateral. If 
based on circumscribed pathology, the lesion usually 
involves the dominant hemisphere, usually in the parietal or 
temporal lobes. It is most commonly seen in diffuse brain 
lesions, usually accompanied by severe dysphasia or a con- 
siderable degree of generalised cognitive impairment. 

Apraxia for dressing refers specifically to difficulty in putting 
on clothes. The patient cannot relate the spatial form of gar- 
ments to that of his body, putting a jacket on back to front or 
the arm in the wrong sleeve. Buttons and laces present par- 
ticular difficulties and are often left undone. The concept of 
dressing apraxia is useful clinically in drawing attention to a 
dramatic symptom when more refined tests of apraxia and 
agnosia have yet to be performed. However, it is improbable 
that it reflects a distinct form of apraxia, and the symptoms 
probably depend on a variety of deficits that differ from case 
to case. In many cases, right-left disorientation, unilateral 
inattention, neglect of the left limbs and other disturbances 
of body image are likely to contribute. The disorder is often 
seen in dementia, and more commonly in bilateral or right- 
sided parieto-occipital lesions than left-sided lesions. 

Constructional apraxia refers to instances where the spatial 
disposition of actions is altered without any apraxia for indi- 
vidual movements. This becomes apparent in tasks involv- 
ingtheuseorrepresentationof space, e.g. in the constructional 
copying of patterns under visual control. The defect is clearly 
not purely motor in nature, but involves perceptual func- 
tions as well. This may be immediately apparent in the 
patient's satisfaction with a grossly imperfect copy of pre- 
sented test material. Many authorities have interpreted con- 
structional apraxia as a form of visuospatial agnosia. 

The neuropsychology of action 

McCarthy and Warrington (1990) argued that the classifica- 
tory systems for apraxia are confusing and inconsistent. 
They advocated a strictly empirical task-oriented framework 
rather than one based on particular theoretical perspectives. 



They considered disorders of voluntary action in terms of the 
following. 

1 Disorders of simple repetitive movements, involving 
either unimanual or bimanual coordination of repetitive 
movements. Unimanual movements can be damaged by 
lesions in either hemisphere, whereas bimanual coordina- 
tion problems usually follow damage to the frontal lobes or 
the supplementary motor region. 

2 Disorders of unfamiliar actions and action sequences can 
involve single hand positions, usually affected by damage to 
the left parietal lobe, whereas copying or executing unfamil- 
iar action sequences can be affected by lesions in either the 
left frontal or the left parietal lobes. 

3 Impairment can occur in the ability to carry out familiar 
gestures, such as saluting or waving goodbye. Impairment 
in producing meaningful gestures on command has consist- 
ently been shown to result from left parietal lesions. 

4 Impairments can be seen in producing actions appropriate 
to objects or in patients' ability to mimic the use of a single 
or multiple objects. Such impairments result from left 
hemisphere damage, and it appears that regions around the 
parieto-temporal junction are most likely to be implicated. 

5 Body-part specific actions can be affected, as in gait 
apraxia (difficulty walking) or oral apraxia, in which the 
patient may be unable to protrude the tongue, open the 
mouth or cough on command, although these gestures do 
occur spontaneously, for example when eating. Gait apraxia 
is associated with bilateral frontal lesions, and oral apraxia 
with highly specific lesions in the left central operculum 
and insula. 

6 Constructional apraxia can involve either left-sided or 
right-sided lesions, but different patterns are observed. Left 
hemisphere lesions give rise to oversimplified drawings, 
whereas right hemisphere pathology results in distortions in 
the spatial arrangements between the parts or in hemispatial 
neglect. 

An influential distinction, much cited in neuropsychologi- 
cal discussions of apraxia, was made by Milner and Goodale 
(1992). They reported the case of an agnosic patient (D.F.) 
who had a profound deficit in judgements of visual form, 
including the orientation of bars, yet was able to match 
the position of her hand successfully to post an object through 
a slit that was presented in a range of orientations. In other 
words, D.F. could not access visual information for percep- 
tual analysis (in an experimental psychophysical task) 
but could nevertheless use perceptions in the control of 
action. This led to the postulation of two visual perceptual 
pathways: a 'ventral' stream, terminating in the temporal 
lobes, which was concerned with object representation and 
recognition (of 'what' was out there), and a more pragmatic 
'dorsal' stream, terminating in the parietal cortex, which was 
concerned with describing the visual world for the purposes 
of acting upon it ('where'). Sometimes these pathways 
are conceived as being involved in vision-for-perception 
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(semantic) and vision-for-action (pragmatic), respectively. 
This model has been criticised for not saying much about 
the control of action per se and the internal generation of 
willed action (Haggard 2001), and for underestimating the 
role of the parietal lobe in, on the one hand, allowing the per- 
ception of spatial relations among objects and, on the other, 
storing complex representations of actions in the form of 
schemata (Jeannerod & Jacob 2005). It also fails to take 
account of the different levels of awareness which may occur 
in motor performance (Johnson & Haggard 2005). Interest- 
ingly, recent functional imaging studies, reviewed by Blake- 
more and Frith (2005), have found that observing, imagining 
or in any way representing an action excites the same motor 
programmes used to execute that action; in humans, a pro- 
portion of the brain regions involved in executing actions 
are activated by the mere observation of the action (known as 
the 'mirror system'). A specific but particularly interesting 
topic of investigation involves functional imaging studies of 
differing aspects of musical performance (Parsons et al. 
2005). 

Chainay and Humphreys (2002) have attempted to inte- 
grate many of the observed clinical and neuropsychological 
phenomena into what they call a 'convergent route model 
for action'. They suggest that perceptual information inter- 
acts directly with semantic information in selecting the 
appropriate action to make to an object. Semantic input 
defines the appropriate category of action, whilst the direct 
perceptual input helps to determine the optimal parameters 
for the motor programme (e.g. the appropriate grip and 
plane of action). These authors argue further that actions 
are contingent on a network of cortical, and possibly also 
subcortical, structures that are recruited according to the 
modality of input. Tactile input may facilitate object use 
through a pragmatic dorsal cortical pathway, whereas a 
semantic route to action is contingent on activation of 'action 
semantics' involving left frontal and left parietal regions. 
The authors described two patients whose problem seemed 
to be in selecting actions within an action output lexicon; 
these patients both showed generally good object recogni- 
tion and naming, but were impaired in discriminating 
whether objects were correctly used. The authors suggest 
that these two patients were impaired at retrieving from 
an 'action output lexicon' information about how objects 
should be used. A third patient had a central deficit in access- 
ing semantic knowledge about objects. This deficit was gen- 
erally consistent across items, and it arose irrespective of the 
modality in which objects were presented (e.g. visually or 
tactilely) and irrespective of the task (naming, gesturing) if 
access to semantic knowledge was required. Elsewhere, 
Humphreys (2001) has argued that there can be a 'direct 
route' to action from perceptual input, even where semantic 
knowledge of objects and their use is severely damaged. The 
convergent route model of action postulates converging and 
interacting routes to the execution of motor programmes. 



Disorders of perception and the agnosias 

The term 'agnosia' was introduced by Freud (1891), although 
the condition had been described much earlier than this. It 
may be defined as 'an impaired recognition of an object 
which is sensorially presented while at the same time the 
impairment cannot be reduced to sensory defects, mental 
deterioration, disorders of consciousness and attention, or to 
a non-familiarity with the object' (Frederiks 1969). Agnosia 
thus implies a disorder of perceptual recognition that takes 
place at a higher level than the processing of primary sensory 
information. Even though elementary sensory processes are 
themselves unimpaired, there is an inability to interpret 
sensory information, to recognise its significance and endow 
it with meaning on the basis of past experience. Lissauer 
(1890), on the basis of his early case, divided the process of 
recognition into two stages: first a stage of processing 
whereby elementary physical stimuli are integrated to form 
a conscious percept ('apperception'), then the stage of associ- 
ating the percept with other notions such as memory traces 
which endow it with meaning ('association'). Thus distinct 
forms of apperceptive and associative agnosia have come to 
be recognised. 

Clinically, the situation is identified when there is a failure 
of recognition that cannot be attributed to a primary sensory 
defect or to generalised intellectual impairment. A patient 
may, for example, fail to recognise an object by sight and be 
unable to name it, demonstrate its use or relate it to a match- 
ing picture, even though vision is intact for other purposes. 
Nevertheless, the same object is readily recognised by means 
of touch, showing that the patient is suffering from a modal- 
ity-specific defect of higher cerebral function and not from 
aphasia or apraxia. The several types of agnosia related to 
vision have received most attention, but agnosias are also 
described in relation to hearing and touch. 

Brain (1965) pointed out that the underlying disorder of 
function must have something in common with both aphasia 
and apraxia, since a patient can only demonstrate that he rec- 
ognises an object by using speech or action; in effect agnosia 
represents an isolated aphasia and apraxia related to a par- 
ticular object when it is perceived through a particular 
sensory channel. 

In the sections that follow the classic agnosic syndromes 
are described, and also the more common forms of related 
perceptual defect. 

Visual agnosias and visual perceptual defects 
Visual object agnosia 

In visual object agnosia an object cannot be named by sight 
but is readily identified by other means such as touch or 
hearing. There is equally failure to select a matching picture 
from a group or to indicate the appropriate use of the object, 
showing that this is not a naming defect alone. Sometimes 
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the patient may describe a use appropriate to an incorrect 
recognition. The difficulty may vary from day to day, and 
sometimes an object may be recognised from other cues in its 
familiar surroundings but not elsewhere. Usually the 
problem is restricted to small objects, but in severe examples 
it may extend to larger objects, with consequent difficulty in 
finding the way about. 

In general, the more complex the visual information, the 
more difficulty the patient experiences. Greater problems 
may be encountered with two-dimensional representations, 
such as line drawings or photographs, than with the actual 
objects themselves. Commonly, though not invariably, faces 
continue to be recognised. In many reported examples there 
has been difficulty in describing objects from memory and in 
drawing them (i.e. loss of visual images of objects), and also 
difficulty with colour recognition, dyslexia and dysgraphia. 

In keeping with the distinction between apperceptive and 
associative forms of agnosia described earlier in this section, 
subdivisions havebeen attempted in the field of visual object 
agnosia (McCarthy and Warrington 1990, pp. 22-55). Patients 
with visual apperceptive agnosia are particularly sensitive 
to difficulties surrounding perceptual aspects of identifi- 
cation and fail when these are increased, for example when 
the perceptual characteristics of an object are partially 
obscured, or distorted by photographing it from unusual 
angles. In contrast, visual associative agnosics fail on tests 
where objects must be matched according to common func- 
tions as opposed to physical identity (e.g. a watch and a 
clock) or when asked to pick out clear pictures of objects that 
belong to a particular class (e.g. objects found in a kitchen). In 
this they betray a lack of recognition of the essential meaning 
of the objects. Interestingly, associative agnosia can some- 
times appear to be category specific, with particular diffi- 
culty centring on animate or inanimate objects, pictorial 
representations of concrete or abstract items, or even catego- 
ries as specific as animals or foods. 

Apperceptive agnosics cannot copy objects or drawings 
unless they do so slavishly and very slowly, often producing 
frequent errors; associative agnosics can perhaps make rea- 
sonable drawings of objects even when they cannot identify 
them. A double dissociation can sometimes be shown 
between these two forms of deficit: on the one hand failure to 
organise a coherentpercept, and on the other failure to endow 
an adequately organised percept with meaning. In many 
patients, however, the features of both apperceptive and 
associative agnosia occur together, suggesting that the two 
may form a continuum (Jankowiak & Albert 1994). Stringent 
exclusion of subtle deficits in vision and multiple scotomata, 
as may occur following carbon monoxide poisoning, is 
required before diagnosis of agnosia can be made. 

Clear-cut cases of visual object agnosia are rare. Lesions in 
the posterior parts of the cerebral hemispheres, involving the 
occipital, parietal and posterior temporal regions, are almost 
invariably responsible. Warrington (1985) suggests that fol- 



lowing basic sensory analysis, input to the right hemisphere 
achieves perceptual categorisation and input to the left hem- 
isphere semantic (meaning) categorisation. Accordingly 
apperceptive agnosic deficits can occasionally be seen in 
unusually clear form with right hemisphere lesions and 
associative agnosia with left hemisphere lesions. However, 
Jankowiak and Albert's (1994) careful review makes it clear 
that bilateral pathology can be detected in the great majority 
of cases, even though PET activation studies suggest that 
object identification takes place predominantly in the left 
posterior hemisphere. Apperceptive agnosia tends to be 
associated with diffuse or multifocal lesions, whereas associ- 
ative agnosia may occur with more focal pathology within 
the territories of the posterior cerebral arteries. It is notewor- 
thy that the three cases of apperceptive agnosia studied by 
Grossman et al. (1996) showed bilateral occipitotemporal 
hypoperfusion on PET, even though the MRI appearances 
had been unremarkable in two. Finally, Riddoch and Hum- 
phreys (2003) review more recent work on the visual agno- 
sias including their own detailed case studies which illustrate 
perhaps better than any other method the logic behind the 
different types of perceptual abnormalities and their 
fractionation. 

Prosopagnosia 

Inability to recognise familiar faces has been described as 
a distinct and separate defect, which may or may not be 
combined with visual object agnosia and is certainly much 
commoner than the latter (Hecaen & Angelergues 1962). 
In extreme form the patient cannot recognise his own face in 
a mirror (see below). Classically, the patient with prosopag- 
nosia can readily identify others from their voices or from 
other cues including their gait. The defect has been reported 
to be commoner with right than with left hemisphere lesions 
but in most cases there is probably bilateral involvement 
(Walsh 1994). This was strongly supported by Damasio et al. 
(1982b) in their analysis of post-mortem and CT scan data; 
bilateral lesions of the central visual system, situated specifi- 
cally in the medial occipitotemporal regions, proved to be 
crucial for the development of prosopagnosia. Functional 
neuroimaging has highlighted the fusiform gyrus (often 
referred to as the fusiform face area or FFA), part of the medial 
occipital junction, as the central hub for face identity process- 
ing while the superior temporal sulcus is implicated in such 
aspects as eye gaze and facial movements. Lesions to the 
fusiform and adjacent lingual gyrus, and sometimes more 
anteriorly in the temporal lobe, may cause prosopagnosia, 
even if unilateral, especially if right-sided (see Barton 2003 
for review). 

The precise nature of the defect remains uncertain, and it 
seems likely that prosopagnosia is not a unitary disorder. 
Warrington and James (1967) showed a distinction between 
impaired recognition of a previously well-known face, which 
depends on long-term storage of visual information, and 
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impaired recognition of a previously unknown face from 
short-term memory. The former tended to be associated with 
right temporal lesions and the latter with right parietal 
lesions. De Renzi et al. (1991) propose a division into 'apper- 
ceptive' forms, in which a disorder in processing shape infor- 
mation prevents a sufficiently clear representation of the face 
to activate memory for it, and 'associative' forms in which 
the memory itself is defective. In some instances, however, 
the condition must be regarded as a 'face-specific disorder', 
as in the interesting example reported by McNeil and War- 
rington (1993); here a patient with severe and persistent pro- 
sopagnosia for human faces was still able to identify 
individual members of his flock of sheep from pictures of 
their faces alone! Neurophysiological recording from the 
human right temporal lobe has confirmed that there are dis- 
crete populations of neurones that are related to the percep- 
tion and comparison of faces (Ojemann et al. 1992). 
Developmental cases have been described, sometimes with 
developmental anomalies such as occipital microgyria but 
by no means always (Barton 2003). Perceptual distortions 
applied to faces are discussed below. 

Facial affect perception 

Perception of facial expressions of emotion may be dissocia- 
ble from facial identity. There is some debate as to whether 
the right hemisphere is 'dominant' for such expressions or 
perhaps those of negative valence. Most evidence points to a 
general role for the right hemisphere in affect perception 
(Kucharska-Pietura et al. 2003). However, some remarkably 
specific deficits in the perception of expressions of fear (with 
intact perception of other expressions, both negative and 
positive) have been described due to lesions of the amygdala, 
especially when bilateral (Brierley et al. 2004). Adolphs et al. 
(1994) have reported the patient S.M. with Urbach-Weithe 
diease, which manifested as a specific degeneration of the 
amygdala. The patient has also been shown to lack the 
normal emotional enhancement of memory and to be more 
trusting of unfamiliar faces than expected. Evidence from 
these clinical cases converges on functional imaging research. 
For example, Morris et al. (1996) carried out PET scans whilst 
subjects viewed photographs of happy or fearful faces that 
varied systematically in the intensity of the emotional expres- 
sions. The neuronal response in the left amygdala was signif- 
icantly greater to fearful as opposed to happy expressions, 
and it increased with increasing intensity of fearfulness and 
decreased with increasing intensity of happiness. Moreover, 
this emerged without a requirement for explicit processing 
of the facial expressions; the subjects were merely asked to 
judge whether each face was male or female. Related work 
has suggested that the amygdala may even respond to 
expressions of fear presented too quickly for conscious 
awareness. 

Disgust is another 'basic' emotion that can be detected reli- 
ably from facial expression alone. A few cases of lack of 



disgust recognition have been described and the lesions 
appears to be in the caudate nucleus and perhaps the insula 
(Calder et al. 2000), again corroborating functional imaging 
work (Phillips et al. 1997). 

Facial expressions may convey a wealth of information, 
from simple emotional state to complex 'social' emotions 
such as embarrassment or sympathy. Patients with neu- 
ropsychiatric disorders such as traumatic brain injury or 
frontotemporal dementia may misinterpret or fail to recog- 
nise important cues from facial expressions, leading to inap- 
propriate or insensitive behaviour. It has been argued that an 
acquired failure to perceive sadness or fear in another (i.e. 
signals of distress) could lead to psychopathic behaviour 
while failure to understand a person's expressions of anger 
may compromise safety (Blair et al. 1999). Similarly, a general 
insensitivity to facial affect may both reflect and lead to emo- 
tional blunting as seen in psychotic and mood disorders. 
People with autism and Asperger's syndrome may have 
grave difficulty in understanding the meanings conveyed in 
facial expressions. All these conditions may lead relatives 
and carers to describe a lack of empathy in those affected. 
The usual near-instantaneous perception of such expres- 
sions as a whole that we take for granted may not be available 
in such disorders, where the individual parts of the face seem 
equally salient and rather unconnected. 

Self-face perception 

Failure to recognise one's own face has been noted in people 
with severe prosopagnosia. However, the most common 
setting for this symptom is severe dementia, where percep- 
tion of the entire visual world is degraded and combined 
with faulty reasoning and confusion. A few cases have been 
described in which impaired self-recognition, the so-called 
mirror sign, seemed to be out of proportion to other deficits 
(Phillips et al. 1996) and others where the viewer is convinced 
that an additional, usually inauthentic version of himself is 
captured when looking into the mirror (a type of reduplica- 
tion with features of Capgras' delusion). Usually, though, 
such complaints indicate depersonalisation without con- 
comitant intellectual or neurological dysfunction. On closer 
questioning, the essence of the complaint, while obviously 
provoked by gazing at the mirror, is that the individual is 
unsure of his identity and feels detached from it. 

Colour agnosia 

Patients with colour agnosia show defective appreciation of 
the differences between colours and fail to relate colours to 
objects correctly, even though their primary colour vision is 
intact as shown by normal performance on the Ishihara chart. 
Thus they have difficulty in sorting objects according to 
colour, ordering them in series or matching colours one with 
another. A dominant occipital lobe lesion is usually responsi- 
ble and a right homonymous hemianopia is frequently 
present. 
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A closely associated though separable defect consists of 
'colour anomia' in which the subject is unable to name 
colours or to point appropriately to named colours, in the 
absence of any impairment of colour sense. Thus he may use 
the word 'blue' when shown a picture of a banana, yet be 
capable of placing the correctly coloured chip next to it. Such 
problems may be unaccompanied by any other form of lan- 
guage difficulty, representing an unusually clear example of 
disruption of neural systems that mediate between specific 
concepts and their corresponding word forms (Damasio & 
Damasio 1992). The lesion in such cases appears to lie in the 
temporal segment of the left lingual gyrus. 

In central 'achromatopsia' there is a more profound loss of 
colour sense, extending even to an inability to imagine 
colours. The concept of colour itself is abolished and the 
world around, though perceived normally in form and 
depth, is seen in shades of grey. Damage in such cases is situ- 
ated in the occipital and subcalcarine portions of the lingual 
gyri bilaterally (Damasio & Damasio 1992). 

Simultanagnosia 

Classically the patient fails to recognise the meaning of a 
complex picture while details are correctly appreciated. 
However, this is not attributable to difficulty in forming 
meaningful concepts, since with auditory information there 
is prompt understanding. Moreover, if plenty of time is 
given, or every individual feature of the picture is pointed 
out, the patient ultimately comprehends the meaning. In a 
similar way, words cannot be read except by spelling out 
individual letters. 

The key problem appears to be with the perception of more 
than a limited number of units or configurations at a time. 
Thus tachistoscopic studies have shown that such patients 
have normal thresholds for the perception of single shapes 
and letters, but greatly elevated thresholds when more than 
one stimulus is presented at a time. 

Coslett and Saffran (1991), in a detailed analysis of a case, 
suggested that the fundamental difficulty lay in the integra- 
tion between object identity and information concerning 
spatial location when multiple items of visual information 
needed to be processed. They point out that the processing of 
multiple targets in an array must be carried out serially 
beyond a certain level, with storage of both the products of 
identification and their positions as the 'spotlight on visual 
attention' moves from one location to another. The inability 
to maintain appropriate linkages during the process of visual 
search appeared to account for their patient's failure. Poste- 
rior lesions of the dominant lobe have been implicated in 
patients who display the complete syndrome. 

Problems in fixating on an object or directing fixation to a 
part thereof in an array may be regarded as simultanagnosia 
but tend to be seen more as problems in visuospatial atten- 
tion. The term 'Balint's syndrome' is applied to this situation 
where there are difficulties in voluntary shifts of gaze with 



concomitant problems in reaching and pointing. Bilateral 
posterior occipitoparietal lesions are to blame. 

Visuospatial defects 

After cerebral lesions a number of defects of visuospatial 
perception may be demonstrated. However, it remains 
uncertain whether failure to reproduce simple models and 
drawings depends on dyspraxic difficulties or failure of vis- 
uospatial analysis, likewise how far inability to draw from 
memory may further depend on defective visual imagery. 
Classic visuospatial agnosia is indeed widely regarded as 
broadly synonymous with constructional apraxia, as dis- 
cussed below. Nevertheless, certain syndromes of localising 
value can be recognised as follows. 

Visuospatial agnosia 

Visuospatial agnosia is identified by failure on tasks which 
demand explicit analysis of the spatial properties of a visual 
display. This is most readily tested by asking the patient to 
reproduce simple designs under visual control: the copying 
of drawings or the construction of patterns with bricks or 
sticks. The Block Design and Object Assembly subtests of the 
Wechsler Adult Intelligence Scale will most readily indicate 
minor degrees of such a defect. 

Usually the patient has no difficulty in finding his way 
about, though an itinerary on a map cannot be indicated 
and towns cannot be correctly located. In the most severe 
examples a loss of topographical memory (see later in 
section) may be present as well. An interesting fact, often 
noted, is that patients with marked visuospatial defects 
rarely make specific complaints about them. Thus visuospa- 
tial agnosia easily eludes routine examination and special 
tests are needed for its detection. 

Visuospatial agnosia may affect drawing ability. Drawings made by 
patients with left parietal lesions tend to be coherent but simplified 
versions of the model, with omission of details but relative preserva- 
tion of spatial relationships. Performance is notably improved when 
the patient is provided with a model to copy. Frequently associated 
defects include aphasia, apraxia, or components of Gerstmann's syn- 
drome (see next section) such as right-left disorientation. Patients 
with right parietal lesions produce more elaborate drawings, but 
made hastily and without care, and the result is typically scattered and 
fragmented. Disorientation on the page is marked, the left side of the 
page is relatively neglected, and the drawings are often asymmetrical 
and show gross disorganisation of spatial relationships. The presence 
ofamodelisof little extra help . 

Some therefore prefer to retain the term 'constructional 
apraxia' when the disorder results from dominant hemi- 
sphere lesions, and 'visuospatial agnosia' when it is due to 
non-dominant lesions, although the distinctions between 
the two are by no means universally acknowledged. 

Some evidence has come from studies of patients after 
section of the corpus callosum that upholds the greater 
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importance of the non-dominant hemisphere in tasks 
demanding visuospatial analysis. In brief, the left hand often 
out-performs the right on unimanual construction tasks. 
Again there is the difficulty in teasing apart constructional 
(praxic) difficulties from purely perceptual ones (Bogen & 
Gazzaniga 1965; LeDoux et al. 1977). 

Visual disorientation 

A further defect of visuospatial ability consists of difficulty 
in localising objects in space by vision alone. As a result the 
patient cannot point accurately to an object or estimate its 
distance. Such difficulty can occur in either half-field of 
vision alone, contralateral to the side of a lesion, or involve 
the whole visual field with bilateral lesions. When involving 
the whole field of vision the patient has difficulty in finding 
his way around objects or in learning the topography of a 
room. 

Visual disorientation is usually seen in conjunction with 
impairment on more complex visuospatial tasks, and the 
lesions are situated posteriorly within the hemispheres. War- 
rington and colleagues have suggested that there may be 
areas within the occipital lobes that contribute to the abso- 
lute localisation in space of a single object, whereas the 
integration of several spatial stimuli necessary for the appre- 
ciation of spatial relations between two or more objects is 
impaired by unilateral lesions within the right parietal area 
(see McCarthy & Warrington 1990). De Renzi et al. (1971) 
reported a test of spatial judgement that appeared to demon- 
strate complete dominance for the post-rolandic region of 
the right hemisphere. 

Loss of topographical memory 

Patients with visual object agnosia or visuospatial agnosia 
may sometimes still be able to visualise familiar scenes or 
describe familiar routes. However, loss of topographical 
memory may occur, again in conjunction with lesions in the 
parietal lobes. Landis et al. (1986) and McCarthy and War- 
rington (1990, pp. 333-337) have reviewed 20 published and 
16 new cases of loss of 'topographical familiarity'. While 
bilateral posterior lesions were common in the group, they 
concluded that unilateral right-sided posteromedial lesions 
were critical. Subsequent case reports and functional MRI 
research has confirmed that the right parahippocampal 
gyrus is critical for such abilities. 

Hecaen (1962) studied the clinical evidence of loss of topo- 
graphical memory for a previously familiar environment 
and found that in most cases the parietal lesions were bilat- 
eral, though more of the unilateral cases involved the right 
than the left hemisphere. 

Topographical disorientation 

Semmes et al. (1955) showed that on tasks of following routes 
from maps, patients with parietal lesions did worse than 
patients with lesions elsewhere. Ratcliff and Newcombe 



(1973) produced especially interesting findings from a study 
of men with penetrating missile wounds of the brain. Two 
tests were employed: a visually guided stylus maze task, 
and a locomotor map-reading task in which the subject 
was required to trace out a designated route on foot. These 
were designed to tap visuospatial agnosia and topographi- 
cal disorientation, respectively. Patients with lesions in the 
posterior part of the right hemisphere were significantly 
worse than those with left posterior lesions on the maze- 
learning test, but a significant deficit on the map-reading test 
emerged only in those with bilateral posterior lesions. Aclear 
dissociation between the two tasks could sometimes be 
observed. Ratcliff and Newcombe were led to conclude that 
while the right hemisphere has a special role in the percep- 
tion of space, it does not bear an exclusive responsibility for 
the maintenance of spatial orientation. Bilateral lesions 
appeared to be necessary before route finding was impaired, 
perhaps because this involves a constant reorientation to 
stimuli as the subject moves around and alters his frames of 
reference. Further experiments on the topic are described by 
De Renzi (1982), along with a detailed discussion of the 
various deficits that may contribute to topographical disori- 
entation. An up-to-date synthesis of neuropsychological and 
neuroimaging data is provided by Aguirre and D'Esposito 
(1999). 

Visual neglect 

Unilateral visual neglect (or unilateral spatial agnosia) may 
be seen in spontaneous drawings, copies, description of pic- 
tures, or use of paper when writing. When eating, the patient 
may ignore food on the left side of the plate. It may also lead 
the patient to fail to take turnings to the left and consequently 
he may lose his way on familiar routes. A hemianopia may or 
may not be present but does not account for the deficit. This 
is an agnosia for space as such, not merely an agnosia for 
spatial relations between visual objects. It may be seen in 
many degrees of severity. It is well confirmed that neglect of 
the left half of space is very much more common than that on 
the right, and depends on a right temporoparietal lesion 
(Heilman et al. 1985). In an interesting report Halligan and 
Marshall (1991) have described a patient who showed severe 
visuospatial neglect for near ('peripersonal') space but not 
for extrapersonal space. Following a right middle cerebral 
infarction he showed left visuospatial neglect, a left hemi- 
paresis and an inferior homonymous quadrantanopia. On 
standard line bisection tests, performed with the paper 
immediately before him, he showed marked displacements 
to the right, but was able accurately to indicate the midpoint 
of lines and to direct darts accordingly when these were some 
2.5 m away. Most current theories of neglect emphasise atten- 
tional processes, i.e. the failure to direct attention to one part 
of space such as the left side (or to disengage it from another) . 
This has led to theoretically motivated rehabilitation pro- 
grammes, for example involving attentional cueing to the 
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neglected side, for what is a notoriously disabling syndrome 
(Pierce & Buxbaum 2002). 

In an elegant yet simple study, Bisiach and Luzzati (1978; 
described in detail in McCarthy & Warrington 1990, pp. 77- 
97) showed that the neglect of hemispace may affect mental 
representations as well as perceived space. They asked their 
neglect patients to imagine standing in the Piazza del 
Duomo in Milan and to describe the scene from two vantage 
points: with the cathedral behind or in front of them. In either 
case it was the buildings on their left that were omitted 
though knowledge of them was clearly preserved. In an 
added twist, Marshall and Halligan (1988) showed that some 
implicit knowledge could affect behaviour despite being 
explicitly neglected. Flames drawn emerging from the left 
part of the roof of a picture of a house were 'not seen' by a 
neglect patient who nevertheless stated a preference for an 
otherwise identical house with no flames. 

Auditory agnosia and auditory perceptual defects 

In auditory agnosia hearing is unimpaired, as tested by pure 
tone thresholds, but the patient fails to recognise or distin- 
guish the sounds that he hears. Thus in everyday life he may 
give the appearance of being 'deaf'. Typically the onset is 
with severe dysphasia, which then clears substantially to 
leave the auditory problem in evidence. The patient is unable 
to recognise speech, as in pure word-deafness (see earlier in 
chapter), but in addition cannot recognise non-speech 
sounds such as the pouring of water, crumpling of paper or 
jingling of keys. Usually there is also failure to recognise 
musical sounds. These three defects, word-deafness, audi- 
tory agnosia and 'sensory amusia', can occur together with 
varying degrees of severity. 

The disorder is extremely rare and few convincing exam- 
ples have been reported. Vignolo (1969) provides a detailed 
review, both of the phenomena observed and of their rela- 
tionships to aphasia. Most examples have been associated 
with bilateral lesions of the posterior parts of the temporal 
lobes. 

Less complete difficulty with the processing of auditory 
information may be demonstrated in some patients with 
brain lesions. Vignolo (1969) showed that patients with right 
hemisphere lesions fail relatively on tests of discriminating 
meaningless sounds, whereas patients with left-sided lesions 
have greater difficulty in identifying sounds to which 
meaning can be attached. This indicates that the auditory- 
receiving areas of the two hemispheres are to some extent 
specialised, that of the right being specifically concerned 
with grasping the acoustic structure of the auditory input 
(i.e. subtle perceptual discrimination) and that of the left 
with endowing the input with meaning by virtue of semantic 
associative links (i.e. semantic decoding). Analogous differ- 
ences between the hemispheres have more recently been 
shown for tactile recognition as well (see under Tactile per- 
ceptual defects, next). 



With regard to music, the right temporal lobe appears 
overall to be more important than the left. Right temporal 
lobectomy has been found to impair performance on tests 
of musical aptitude, whereas left temporal lobectomy does 
not (Kimura 1961; Milner 1962). Shankweiler (1966) played 
extracts of familiar songs to patients who had had temporal 
lobectomies and found that the group with left lesions 
had greater difficulty in recalling the titles or words, whereas 
the group with right lesions had greater difficulty in repro- 
ducing or recognising the melody. Using dichotic listening 
tasks, words fed to the right ear (and proceeding thence 
by crossed pathways predominantly to the left hemisphere) 
are reported better than words fed to the left ear, whereas 
with fragments of melodies the situation is reversed (Kimura 
1961, 1964). Moreover, when dichotic tests are given to 
lobectomised patients it is found that left temporal lobec- 
tomy produces a more severe decrement in the contralateral 
ear where words are concerned, and right temporal lobec- 
tomy for the recognition of musical passages (Shankweiler 
1966). 

Gordon and Bogen (1974) also reported interesting effects 
when patients were asked to sing familiar songs during the 
course of unilateral intracarotid amobarbital injections. 
When the left hemisphere was sedated with the drug the 
words of the song were severely affected while the melody 
continued well; in contrast, when the right hemisphere was 
sedated the words remained relatively intact whereas the 
pitch and melodic line were severely disrupted. 

It seems clear therefore that the right hemisphere is supe- 
rior to the left in most people for the perception of 'struc- 
tured' musical passages, perhaps with the temporal lobes 
taking a lead in melody and harmony and frontal areas 
more involved in pitch, rhythm and phrasing. However, 
detailed analysis of various components of musical per- 
ception (pitch, timbre, discrimination and rhythm) have 
often given conflicting results, suggesting that neither 
hemisphere alone is specialised for all aspects of musical 
cognition and that musical training may confound the 
results. Lezak (1995) reviews the more recent clinical and 
experimental evidence, indicating that while the right 
hemisphere is generally the more important in melodic 
recognition and chord analysis, the left tends to predo- 
minate in the processing of sequential and discrete tonal 
components of music. 

Early functional imaging work showed changes in cere- 
bral blood flow in the right temporal cortex during the per- 
ceptual analysis of melodies and of the right frontal cortex 
during pitch comparisons but, predictably, more recent work 
has revealed additional complexities implicating wider and 
more distributed neural networks depending on the nature 
of the task. Finally, structural MRI has shown that musicians 
with perfect pitch have greater leftward asymmetry of the 
planum temporale than non-musicians. Zatorre (2003) sum- 
marises the current state of knowledge on music and the 
brain. 
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Amusia may be defined as an impairment or loss of musical 
function deriving from acquired disease of the brain (Henson 
1985). Amusia without aphasia has proved to be rare, but 
examples have been described following right temporal or 
right frontal lesions. In such examples the deficit usually 
involves loss of capacity to sing or hum a tune (oral-expres- 
sive amusia). Henson (1985) reviews the scattered literature 
on other amusia syndromes: musical agraphia, musical 
alexia and musical amnesia, and receptive amusia in which 
there is failure to discriminate pitch, intensity, timbre and 
rhythm. This latter disturbance is usually seen only as part of 
a more widespread auditory agnosia. 

Finally, under the heading of 'auditory affective agnosia', 
Heilman et al. (1975) have drawn attention to deficits in the 
appreciation of the affective tone of speech in patients with 
right hemisphere lesions. After listening to tape-recorded 
sentences, patients were asked to judge either the content or 
the emotional tone in which each sentence had been spoken 
(happy, sad, angry or indifferent). Six patients had right tem- 
poroparietal lesions (with left unilateral neglect) and six had 
left temporoparietal lesions (with fluent aphasia). The 
responses were made by selection from a series of line-drawn 
pictures appropriate to the sentences and emotions con- 
cerned. All subjects achieved perfect scores with respect to 
content, but those with right hemisphere lesions were signif- 
icantly impaired in judging affective tone (Kucharska- 
Pietura et al. 2003). 

Tactile perceptual defects 

In tactile agnosia the patient is unable to recognise an object 
by touch, even though the sensory functions of the hand 
being tested are normal. The same object is immediately rec- 
ognised by other means, for example by touching it with the 
opposite hand or by vision. 

There is uncertainty surrounding the distinction between 
tactile agnosia and the 'astereognosis' of cortical sensory 
loss, in which there is equally failure of tactile recognition. 
However, some claim that in tactile agnosia the patient can 
still distinguish the size, shape and texture of the object even 
though the object cannot be recognised, whereas in astereog- 
nosis the appreciation of these sensory elements is impaired 
as well. 

Commonly, tactile agnosia is restricted to one hand and 
results from a lesion in the opposite parietal lobe. The 
supramarginal gyrus has been especially incriminated. 
Bilateral tactile agnosia is said to follow damage in this region 
in the dominant hemisphere, and it is possible that in such 
cases callosal fibres to the opposite lobe have also been 
destroyed by the lesion. Bottini et al. (1995) showed that 
tactile matching of meaningless shapes (apperceptive re- 
cognition) was more affected by right hemisphere lesions, 
whereas similar matching of meaningful objects was 
compromised by left hemisphere lesions (associative 
recognition). 



Gerstmann's syndrome 

The concept of a 'Gerstmann syndrome' resulting from dom- 
inant parietal lobe lesions has become firmly entrenched in 
the neurological and psychological literature. It consists of 
finger agnosia, right-left disorientation, dyscalculia and 
dysgraphia. As such it remains a useful venue for the discus- 
sion of these disorders, and yields a useful group of simple 
clinical tests when one is looking for subtle signs of a lesion in 
the dominant hemisphere. However, the essential clustering 
together of the defects has been seriously questioned, and it 
is now clear that they barely constitute a syndrome in the 
accepted sense of the word. 

It is known that the four components are not always found 
together, one or more often being absent when the others can 
be demonstrated clearly. Similarly, one or more components 
can occur along with other disorders of cognitive function: 
dysphasia, dyslexia, constructional apraxia, visual disorien- 
tation or generalised intellectual impairment. Benton (1961) 
examined the intercorrelations on tests of the four Gerst- 
mann symptoms and of three other functions related to the 
parietal lobes (constructional ability, reading and visual 
memory) in a large unselected series of brain-damaged sub- 
jects; it emerged that the correlations of the Gerstmann abili- 
ties with each other was no higher than with the three abilities 
not included in the syndrome. In a separate analysis of 
patients with damage restricted to the left parietal lobe, the 
Gerstmann defects again failed to cluster together. Heim- 
burger et al . ( 1964) in a similar study found that as the number 
of Gerstmann components increased, the lesions tended to 
be larger in size. When all four defects did appear together 
they were usually accompanied by severe impairment of 
many other functions. Nevertheless pure cases do occur 
rarely. It has not seemed possible to establish a common fun- 
damental disturbance underlying each of the four defects. 

Finger agnosia 

Finger agnosia is shown by loss of ability to recognise, name, 
identify, indicate or select individual fingers, either on the 
patient's own body or on that of another person. Tradition- 
ally, the patient is asked to point to named fingers or to name 
an individual finger, but the presence of dysphasia may con- 
found this simple procedure. Kinsbourne and Warrington 
(1962) advocated a test in which two fingers are simultane- 
ously touched by the examiner and the patient is asked to 
state the number of fingers between those touched, first in 
practice sessions with the eyes open and then with the eyes 
closed. 

The disorder appears bilaterally. The patient does not 
report it spontaneously, and thus like constructional apraxia 
it is a defect usually only revealed by specific testing. A lesion 
in the left parieto-occipital area appears to be critical for 
its appearance, but it is possible that it can occur very 
occasionally with right hemisphere lesions. The angular 
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gyrus and the second occipital convolution have been espe- 
cially incriminated. 

Gerstmann (1958) himself proposed that finger agnosia 
may represent a minimal form of whole-body autotopagno- 
sia, in other words a defect of recognition of the body or 
appreciation of the interrelations of body parts (see under 
Autotopagnosia, later). He suggested that complete auto- 
topagnosia is very rarely seen because those lesions suffi- 
cient to produce it also result in concomitant defects that 
obscure the picture, whereas in the restricted form of finger 
agnosia it can be recognised as a clear-cut entity. It has been 
argued (Frederiks 1985) that no other part of the body is ver- 
bally differentiated to so great a degree as the hand, and none 
has such an extensive cerebral representation, hence its 
special vulnerability that emerges in finger agnosia. A more 
recent report of 'toe agnosia' calls this appealing theory into 
question (Tucha et al. 1997). 

Right-left disorientation 

This defect shows as inability to carry out instructions that 
involve an appreciation of right and left. The patient fails to 
point on command to objects on his right and his left, to indi- 
cate parts of his body on the right and the left, or to perform 
more complex instructions in which these directions form an 
integral part of the task. It undoubtedly reflects several 
complex disorders of function. Gerstmann (1958) suggested 
that like finger agnosia it represented a restricted form of 
body image disturbance. Benton (1959) on the other hand 
stressed that language is likely to be intrinsically concerned 
with many forms of the disorder. Sauget et al. (1971) investi- 
gated the relationship between sensory dysphasia and 
various forms of disturbance including right-left disorienta- 
tion and finger agnosia, using both verbal and non-verbal 
tests. They concluded that these disturbances are closely 
linked to impairment of language comprehension, but that 
in addition impairment of somatosensory functions is neces- 
sary for their appearance. Frederiks (1985) suggests that 
visual aspects of the body schema, and the relation between 
corporeal and extracorporeal space, are likely to be funda- 
mentally involved. 

Right-left disorientation can generally be accepted as a 
sign of left hemisphere dysfunction, but is of little value for 
more precise localisation within the hemisphere. Occasion- 
ally, moreover, it may emerge with right hemisphere dys- 
function (Benton & Sivan 1993). 

Dyscalculia 

Dyscalculia is an impairment of the capacity for calculation 
in persons who have hitherto shown no disorder of their 
arithmetical faculties, although developmental forms are 
well recognised (for review see Ardila & Rosselli 2002). It is 
clear that detailed analysis of the nature of the calculation 



defect is necessary if the symptom is to have any localising 
value since there are many possible sources of failure. Arith- 
metical ability can be disturbed independently of language 
functions and general intelligence, but pure cases of this 
nature are rare. Secondary dyscalculia can result from defects 
of short-term memory, perseveration or simple impairment 
of concentration (Butterworth 1999; Cappaletti et al. 2005). 

Boiler and Grafman (1985) subdivide primary dyscalculia 
into four varieties. First, there may be loss of ability to appre- 
ciate the names and significance of numbers or to combine 
them syntactically to produce a meaningful digit notation. 
Second, there may be problems with the spatial organisation 
required in numerical operations. Third, there may be diffi- 
culties in carrying out the basic computational aspects of 
addition, subtraction, multiplication and division (anarith- 
metica). This last may be subdivided into two sources of 
failure: inability to retrieve mathematical facts normally 
stored in memory (e.g. 5+4=9), or inability to engage in 
mathematical thinking and reasoning and to understand the 
procedural rules that underlie mathematical operations. 



Such a distinction was clarified by Warrington (1982) in a 
case study of a physician with a left parietal subdural hae- 
matoma. Simple calculations were performed laboriously 
and inaccurately, and on introspection he found that the 
processes of addition and subtraction could no longer be 
performed 'automatically'. He could define the concepts of 
addition, subtraction, multiplication and division quite 
well and his understanding of such operations was unim- 
paired. What he lacked was direct access to the semantic 
memories of arithmetical facts so that he had to revert to the 
slow counting processes observed in children. Other 
anarithmetic patients differ from this in that they lack all 
concept of the mathematical operations, or are unable to 
comprehend the significance of individual numbers or 
number facts (e.g. that there are 100 pence in a pound, or 
that 12 is greater than 11). 



Dyscalculia has been found in one form or another with 
lesions of the frontal, temporal, parietal or occipital lobes of 
the brain, but the parietal lobes have been most frequently 
involved and the left lobe more often than the right. This is 
supported by Grafman et al .' s (1982) study in which patients 
with focal damage to either hemisphere performed signifi- 
cantly worse than controls, but the left posterior brain- 
damaged group was particularly impaired; this was largely 
independent of such additional factors as dysphasia or vis- 
uoconstructive difficulties. Again, neuroimaging has tended 
to refine these observations with reference to normal func- 
tioning (Dehaene et al. 2004). 
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Disorders of body image 

The body image, or 'body schema', may be regarded as a sub- 
jective model of the body against which changes in its 
posture, in the disposition of its parts, and in its soundness or 
integrity can be appreciated. As such the body image is not 
static but changes constantly under the influence of internal 
and external sensory impressions. Moreover, it invariably 
includes important unconscious as well as conscious compo- 
nents, so cannot be viewed as a mere picture in the mind. 
Normally it exists on the fringe of awareness, but aspects can 
be brought into consciousness when subjective attention is 
focused on them. 

The body image is thus an abstract conception, acquired 
during development and compounded of physiological and 
psychological elements. Schilder (1935) extended the concept 
and in particular stressed that data from a wide range of 
sources must be incorporated into any notion of the body 
image, including aspects of personality, emotion and social 
interaction. For him the postural model proposed by Head 
(1920) represented only a low level of body image organisa- 
tion, whilst higher levels are built out of instinctual needs 
and personal interactions. 

Disorders of the body image are implicit in a wide range of 
puzzling and often bizarre clinical states, around which a 
good deal of controversy exists. Some disturbances repre- 
sent the influence of structural or physiological changes in 
the brain, as seen for example in the presence of cerebral 
disease or in the effects of drugs such as cannabis or lysergic 
acid diethylamide (LSD). Other disturbances may accom- 
pany severe sensory deprivation or psychiatric illnesses 
such as depression or schizophrenia, and then may appear to 
be mainly psychological in origin. In some particularly puz- 
zling disorders, such as anosognosia, it is probably necessary 
to invoke both organic and psychogenic factors in an attempt 
at a complete explanation. 

Body image disturbances associated with brain lesions can 
be broadly divided into those affecting half of the body only, 
and those which involve bilateral disturbances. Unilateral 
body image disturbances are commoner with right hemi- 
sphere lesions than left, and the left side of the body is there- 
fore most often affected. They include unilateral inattention, 
neglect, feelings and beliefs that the left limbs are missing 
(hemisomatognosia), and lack of awareness or denial of disa- 
bility (anosognosia). Bilateral body image disturbances are 
commoner with left cerebral lesions than right. They are 
usually restricted to finger agnosia (see previous section, 
under Finger agnosia) or right-left disorientation (see previ- 
ous section, under Right-left disorientation), but very occa- 
sionally there is difficulty in naming or pointing to any body 
part (autotopagnosia). Complex illusions of bodily transfor- 
mation or displacement are less closely tied to lesions in known 
locations and seem to be more intimately involved with non- 
organic psychopathology. Such non-organic psychopathol- 



ogy of body image invariably concerns symmetrical stru- 
ctures (e.g. breasts, buttocks) or those in the midline (e.g. nose, 
penis), contrasting starkly with their organic counterparts. 

Unilateral unawareness and neglect 

This represents perhaps the best-known and most frequently 
encountered change in the body image. For reasons incom- 
pletely understood the disorder affects the left limbs in the 
great majority of cases, and appears to derive particularly 
from lesions in the neighbourhood of the supramarginal and 
angular gyri of the right parietal lobe. A spectrum of distur- 
bances is seen, ranging from inattention and unawareness to 
neglect. Somatic and extrasomatic neglect (e.g. visual 
neglect) usually occur together but need not do so. Unilateral 
neglect without visual neglect is rather rare while the reverse 
is somewhat less so. 

The range and interrelationships of these phenomena 
have been excellently described by Critchley (1953) . A minor 
degree of inattention to the left limbs may require special 
techniques of examination to reveal it, such as double simul- 
taneous stimulation of both sides of the body together (see 
Chapter 1, Clinical picture in focal cerebral disorder/ 
Parietal lobes). In unawareness the disorder is more obtru- 
sive, the patient failing to utilise the left hand in bimanual 
activities or overlooking the left foot when putting on his 
slippers. When attention is specifically drawn to the left 
limbs, however, they are used with normal efficiency, or if a 
degree of paresis exists the patient admits his difficulties. It is 
as though the limbs of this side were 'occupying a lower level 
in a hierarchy of personal awareness' (Critchley 1953). 

The disorder may involve no more than this or may include 
the more elaborate symptoms of neglect. The limbs may be 
ignored in washing or dressing, one half of the face may be 
left unshaven or the hair uncombed. This is more likely in the 
presence of confusion or other impairment of intellect. Some- 
times unawareness or neglect accompany the development 
of a hemiparesis, and when this is present the more florid fea- 
tures of anosognosia may be added (see Anosognosia, later) . 

Such disorders are seen more commonly after acute brain 
lesions and particularly after cerebrovascular accidents. The 
degree of unawareness or neglect appears to be related to the 
abruptness of the lesion, the clarity of consciousness and 
whether motor weakness is present. Usually these are tran- 
sient phenomena, and changeable from time to time during 
clinical examination, but occasionally the disability persists 
in some form as an enduring defect. 

As noted, there is a well-established association between 
neglect and right parietal lesions, yet typical syndromes of 
neglect have been reported following damage in other loca- 
tions such as the basal ganglia and thalamus. More transient 
states of contralateral neglect may be seen with left hemi- 
sphere lesions. The relationship between visual and somatic 
neglect and their cognitive and neurological underpinnings 
are set out in detail in Kerkhoff (2001). 
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Hemisomatognosia (hemisomatoagnosia, 
hemidepersonalisation, asomatognosia) 

In this much rarer phenomenon the patient feels as though 
the limbs on one side are missing, sometimes episodically 
but sometimes as a continuous subjective state. It may feature 
as part of an aura in a focal epileptic attack. 

The disorder is accompanied by various degrees of loss of 
insight. The limbs may feel absent though the patient knows 
this is not so, or he may say they are absent but can be cor- 
rected in his belief, or he may have a fixed delusion that they 
are absent which cannot be corrected. When consciousness is 
clear the patient usually retains insight into the illusory 
nature of the condition, even though it may feel very vivid, 
and can reassure himself as to the presence of the limbs by 
feeling or looking at them. In the presence of confusion, 
however, he may proclaim that the limbs are missing, look 
for them under the bed, or accuse others of taking them away. 
The condition is typically due to a parietal lobe lesion of the 
minor hemisphere and essentially corresponds to the syn- 
drome of unilateral unawareness and neglect described 
above. 



Sierra et al. (2002) describe a case of a woman who experi- 
enced a generalised sense of depersonalisation following a 
right subdural haematoma over the parietal lobe following 
haemorrhage from a carotid aneurysm. She made a good 
recovery except for mild left arm weakness but felt as if the 
fingers of her right hand 'did not belong', as if the limbs had 
disappeared. Furthermore, the patient had the distressing 
urge to touch or pour hot water over herself for reassurance 
of her existence. She said: 'Sometimes I do not seem to know 
who I am, I doubt my own existence. I feel like a piece of 
furniture.' There was no sensory loss or clouding of 
consciousness. 



Anosognosia 

Anosognosia implies lack of awareness of disease and is most 
commonly shown for left hemiplegic limbs. It may occur 
along with unilateral neglect, hemisomatognosia or with the 
illusions of transformation and displacement considered 
below. It can, rarely, occur in isolation (Jehkonen et al. 2000). 

In its mildest form the patient merely shows a lack of 
normal concern for his disability, attaching little importance 
to it and not grasping its implications. Or when confronted 
by the disability and obliged to admit it, he belittles the 
problem and shows an inappropriately flat or facetious reac- 
tion (anosodiaphoria). In true anosognosia, however, the 
patient appears to be completely unaware of the hemiplegia, 
makes no complaints about it and ignores the inconvenience 
it causes. In extreme cases, the deficit may be vehemently 
denied. 



Commonly, anosognosia is merely a transient state in the 
early days after acute hemiplegia has developed, and recedes 
along with the initial clouding of consciousness. However, it 
may persist and become more floridly developed with obsti- 
nate denial or bizarre elaboration on a delusional basis. 
When attention is firmly drawn to the hemiplegia, the patient 
makes some shallow rationalisation for not performing the 
task, perhaps explaining that he has been ill recently or that 
he is too tired. In more bizarre cases he insists that the para- 
lysed limbs do not belong to him or attributes them to some 
neighbouring person (somatoparaphrenia). He may claim 
that the limbs are some mechanical object, or talk to them and 
fondle them as though they had an existence of their own 
(known as 'personification') . Feelings of anger or hatred may 
be expressed towards them (misoplegia). 



A woman of 39 with left hemiplegia, hemianaesthesia and 
hemianopia was garrulous and confused. She denied that 
she was paralysed and insisted that her left arm and leg 
belonged to her daughter Ann, who she said had been 
sharing her bed for the past week. When the patient's 
wedding ring was pointed out to her she said that Ann had 
borrowed it to wear. The patient was encouraged to talk to 
Ann and to tell her to move her arm; she then became con- 
fused and talked vaguely about Ann being asleep and not to 
be disturbed. When asked to indicate her own left limbs she 
turned her head and searched in a bemused way over her 
left shoulder. 

The left arm of a patient with a right parietal lesion kept 
wandering about in the blind homonymous half-field of 
vision. When the patient wrote, the left hand would wander 
across and butt in and rest on the right hand. Not recognis- 
ing this as his own he would exclaim 'Let go my hand!' He 
would swear at it in exasperation 'You bloody bastard! It's 
lost its soul, this bloody thing. It follows me around and gets 
in the way when I read' (Critchley 1964). 



Such highly colourful reactions are rare, and it is doubtful 
whether they occur in the absence of clouding of conscious- 
ness or generalised intellectual impairment. They can usually 
be understood most readily in terms of psychogenic elabora- 
tion of some partially perceived defect, sometimes illustrat- 
ing in unusually clear form the common psychological 
mechanisms of defence. 

Anosognosia is also used as a generic term for impercep- 
tion of deficits other than hemiplegia. Here again it may 
range in degree from lack of concern and attention to explicit 
verbal denial, and again it is often uncertain how far the dis- 
turbance is intrinsically related to cerebral disorder alone or 
how far it reflects superadded psychogenic mechanisms. It is 
perhaps most commonly seen in relation to aphasic symp- 
toms, classically with primary sensory aphasia when the 





Neuropsychology in Relation to Psychiatry | 73 



patient seems not to appreciate his mistakes. Unawareness 
or denial of amnesic defects is common as part of Korsakoff's 
syndrome. Blindness, especially when due to lesions of the 
optic radiations or striate cortices, may be denied, the patient 
attempting to behave as though he can see and describing 
purely imaginary visual experiences when tested (Anton's 
syndrome) . Deafness due to cerebral lesions may more rarely 
be denied. Unawareness of painful stimuli (pain asymbolia) 
is another incompletely understood example, in which the 
patient may perceive a painful stimulus but fails to recognise 
it as unpleasant, so that little or no defensive reaction is pro- 
duced. This rare disorder can result from an acquired cere- 
bral lesion, usually in the dominant hemisphere, while other 
aspects of sensation are unaffected. It has been regarded as a 
failure to integrate the awareness of pain with awareness of 
the body image or, alternatively, as a gross denial in the psy- 
chogenic sense of painful experience. 

The term 'anosognosia' has also been applied in relation to 
the cognitive deficits in the dementias, both focal and diffuse 
(see Clare 2004), and to the behavioural problems and per- 
sonality changes seen after other forms of brain injury (Pri- 
gatano 2005), and even movement disorders. Indeed, the 
similarities between forms of lack of insight commonly 
observed in people with psychotic disorders and anosogno- 
sia has been a major stimulus to research and cross- 
fertilisation between neuropsychiatry and general psychiat- 
ry (Amador & David 2004). 

Anosognosia for hemiplegiahas been more closely studied 
than these other forms of the disorder. Nevertheless, the 
mechanisms involved remain unclear and are the subject of 
controversy. In the majority of cases there are sensory as well 
as motor deficits in the limbs concerned, but the condition is 
not explainable in terms of perceptual deficit alone, since 
occasionally hemiplegia is denied while the patient remains 
fully aware of the existence of the limbs. The role of general 
intellectual disturbance is also disputed. Anosognosia can 
occur in the presence of strictly focal brain damage and when 
the patient is mentally clear, although some degree of cogni- 
tive impairment or clouding of consciousness is more 
common. Still others emphasise the psychogenic compo- 
nent, and see anosognosia essentially as a motivated desire 
to repress the unpleasant facts of a disability. Such primitive 
defensive behaviour may admittedly be brought to the fore 
by the presence of cerebral disease. 

Weinstein and Kahn (1955) stressed this last point of view 
in their survey of a large population of brain-injured patients. 
In addition to denial of the defects already mentioned they 
noted denial of incontinence and impotence, and patients 
totally confined to bed might occasionally insist that they 
had recently returned from a walk. Some degree of mental 
confusion could always be detected in their patients when 
specially sought out, though it was often of a subtle nature. 
Weinstein and Cole (1963) continued these observations in a 
later study restricted to anosognosia for hemiplegia. Fre- 



quently some degree of awareness of the defect was betrayed, 
and medication or operation was accepted without demur. 
Common mental mechanisms for defence against anxiety 
could be seen to operate. The premorbid personalities of the 
patients had often shown strong perfectionistic traits, ten- 
dencies to deny illness, and to view health as important for 
their self-esteem. Where verbal anosognosia was concerned 
this often appeared to be an artefact of the interview situa- 
tion, and the attitudes of observers and of the patient's rela- 
tives were important in determining the degree and duration 
of the denial. The most recent systematic study of anosogno- 
sia with hemiplegia was carried out by Marcel et al. (2004) 
on 64 selected stroke patients. They made the distinction 
between unawareness of paralysis and of its consequences, 
the latter being more widespread and persistent. Some were 
unaware of movement failures when they occurred while 
others were aware but quickly forgot, perhaps due to a failure 
to update long-term body knowledge memory. Contrary to 
Weinstein and Kahn, they observed that patients did not 
generally overestimate other abilities, but they did note that 
some patients who overestimated current bilateral task 
ability (e.g. tying one's shoe-laces) when asked in the first- 
person form did not overestimate when asked how well the 
examiner, if he was in their current condition, could do each 
task. Marcel et al. concluded that anosognosia for hemiplegia 
is not a unitary phenomenon. 

Against the view that psychogenic factors predominate in 
anosognosia is the rather obstinate fact that anosognosia, 
like uncomplicated unilateral neglect, has usually been 
found to be very much commoner for the left than for the 
right side of the body. In Starkstein et al .' s (1992) series of 
stroke patients, 38% with left-sided signs showed anosogno- 
sia compared with 11% of those with right-sided signs. 
Moreover, the lesion, when focal, appears to implicate the 
temporoparietal region rather than the pre-rolandic cortex 
or lower levels of motor organisation. One complication is 
that there is no agreed definition of anosognosia, especially 
where the penumbra of related phenomena are concerned, 
so assessing prevalence is problematic. This is further com- 
plicated in left hemisphere-damaged patients by the pres- 
ence of aphasia, which might lead to an underestimate of the 
condition in right hemiplegics (Cutting 1978). 

The published work on the cerebral localisation of anosog- 
nosia has been systematically reviewed by Pia et al. (2004). 
They concluded that while right hemisphere damage is the 
hallmark, bilateral damage is frequently reported. Further- 
more, the deficit seems to be equally frequent when the 
damage is confined to frontal, parietal or temporal cortical 
structures, and may also emerge as a consequence of subcor- 
tical lesions. Interestingly, the probability of occurrence of 
anosognosia was noted to be highest when the lesion 
involved parietal and frontal structures in combination. 

The rarity of anosognosia and related defects in the right 
limbs is very hard to explain by any theory. It has been 
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suggested that since the left limbs are normally subordinate 
to the right, cerebral lesions merely exaggerate this tendency 
or, alternatively, that with lesions of the dominant hemi- 
sphere intellectual deficits and aphasia readily swamp these 
more subtle manifestations. Others have attempted to 
resolve the dilemma by proposing that the non-dominant 
hemisphere is prepotent where the body image is concerned, 
or at least that it contains special mechanisms for the recogni- 
tion of unilateral inequalities. 

Autotopagnosia 

Autotopagnosia refers to an inability to recognise, name or 
point on command to various parts of the body both on the 
right and on the left. The defect may apply to other people's 
bodies as well as to the subject's own, yet other external 
objects are dealt with normally. 

Autotopagnosia in any extensive sense is extremely rare. 
However, restricted forms are seen in conjunction with many 
other types of body image disorder, in that a tendency may 
occur to misidentify certain body parts. Such a defect con- 
fined to one body half is seen in patients with unilateral 
neglect or anosognosia. Finger agnosia (see under Gerst- 
mann's syndrome, earlier) is sometimes regarded as a 
minimal degree of whole-body autotopagnosia, and to rep- 
resent the only clear-cut example that cannot be better 
explained in terms of other defects. 

Most examples which implicate the body bilaterally are 
explainable in terms of apraxia, agnosia, aphasia or disorder 
of spatial perception. De Renzi and Scotti (1970) described a 
case which perhaps illustrates essential mechanisms of 
another type. The patient, who had a tumour of the left pari- 
etal lobe, failed to point to body parts, but in contrast could 
promptly name all parts pointed to by the examiner. He 
could also correctly monitor the accuracy or otherwise of 
another person's pointing. The same dissociation between 
pointing himself and naming could be seen for parts of 
objects other than the human body, for example for parts of a 
bicycle. The defect thus appeared to be a part of a more 
general disturbance of failure to analyse a whole into parts. 
Autotopagnosia is usually seen in conjunction with diffuse 
bilateral lesions of the brain. Lesions of the left hemisphere 
alone can produce it, but must always involve the parieto- 
occipitotemporal region (Frederiks 1985). 

Illusions of transformation, displacement 
or reduplication 

A great variety of body image disturbances may be loosely 
grouped together under this heading. They are seen in many 
clinical settings. Some of the less dramatic, such as feelings of 
heaviness or enlargement of a limb, may occur in healthy 
subjects in states of extreme exhaustion, sensory deprivation 
or in the course of falling asleep. Others, like feelings of dis- 
tortion or free floating of the body, occur with generalised 



cerebral disorder as in delirium or under the influence of 
drugs such as LSD. Many unilateral examples are seen with 
focal brain disturbance, particularly as part of an epileptic 
aura, and some of the most bizarre instances, including 
autoscopy, can occur in the course of migrainous attacks. A 
further group appear in association with static lesions, par- 
ticularly those which have led to left hemiplegia and anosog- 
nosia, but here again the phenomena are usually short-lived 
even if recurrent. 

Macrosomatognosia and microsomatognosia consist of feelings 
of abnormal largeness or smallness of parts, or of half or even 
the whole of the body. Most commonly a single limb or a 
hand is affected alone. Such changes may be accompanied by 
sensations of heaviness, distortion or displacement of the 
part concerned, or features such as these may constitute the 
sole abnormality. Feelings of swelling, elongation, shorten- 
ing or twisting may be experienced, rather than a change that 
preserves the normal proportions of the part. Rarely the 
experience may be of physical separation of the part from the 
rest of the body. The following examples are reported by 
Lukianowicz (1967). 



An epileptic girl sometimes had a somatic sensory aura 
during which she felt that: 

my whole body grows very rapidly almost to the point of burst- 
ing. After a few seconds it collapses, like a deflated balloon, and 
then I lose consciousness and have a turn. 

A lorry driver discovered to have epilepsy had attacks: 

when everything seems to run away from me, and then I get the 
feeling in my eyes that they tear out of their sockets, and rush out 
from the cabin, till they touch the people and the houses and the 
lampposts along the road . . . Then everything rushes towards 
me again and my eyeballs hurry back into their sockets. At other 
times I might feel that my hands and arms grow long very rapidly, 
till they seem to reach miles ahead. A moment later they begin to 
shrink until they come back to their normal size. I may have such 
a feeling several times in a minute or two. 

A woman with migraine complained: 

Before the ache I see coloured zig-zag stripes appearing always 
from the left side. After a while Ibegin to feel that my head shrinks 
until it becomes not bigger than a small orange. At that time it 
always occurs to me that my head must look like the small dried- 
up heads of the head-hunters in Borneo, which I had once seen on 
TV. This sensation lasts about 1 minute and then my head at once 
comes back to its normal size. This feeling of my head shrinking 
and expanding goes on for some time, until I get my splitting 
headache. 
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The patient almost always retains insight into the alien nature 
of the experiences, describing the abnormality in 'as if' terms. 
A truly delusional or hallucinatory experience is rare in the 
absence of marked impairment of consciousness or psy- 
chotic illness. It is of course hard to discern, in cases such as 
those just quoted, how far the abnormal experience is due to 
a primary disturbance of the body schema or how far it rep- 
resents an imaginative elaboration of simple kinaesthetic 
and vestibular sensory changes. Derangements of either 
right or left hemisphere function may lead to such phenom- 
ena, and when a focal lesion is responsible the parietotem- 
poro-occipital region is said to be usually involved. 

Reduplicative phenomena usually involve the limbs, and most 
often the hand or fingers alone. Such phantoms are usually 
transient, appearing with darkness and drowsiness. Many 
cases occur with anosognosia for left hemiplegia, and may 
lead to illusions of movement in the paralysed limbs. Insight 
is again usually preserved in large degree, and when the 
patient looks at the actual limbs the phantom promptly dis- 
appears. However, occasional cases are reported in which 
enduring phantoms prove an embarrassment and inconven- 
ience, and the patient feels obliged to make the real limb 
coincide in position with the phantom. More dramatic 
instances of reduplication may involve the whole-body 
image (Lukianowicz 1967). 

Weinstein et al. (1954) have reported a few patients with 
reduplicative phenomena all with cerebral lesions of rapid 
onset and producing some degree of generalised confusion. 
One patient with a left hemiplegia claimed to have an extra 
left hand; one with a left hemiparesis and a fracture of the 
right leg stated that he had four legs; and one with a severe 
head injury who had previously had an eye removed claimed 
to have several eyes. Another patient with a cerebellar astro- 
cytoma and meningitis said that he had three heads and four 
bodies, one of each with him and the remainder upstairs in a 
closet. In all four cases the reduplications were accompanied 
by other forms of reduplication for time, place or person. The 
'body image' disturbance therefore appeared to be but 
one manifestation of a general pattern of reduplicative 
delusions. 

Autoscopy (doppelgdnger phenomenon). There is 'a complex 
psychosensorial hallucinatory perception of one's own body 
image projected into external visual space' (Lukianowicz 
1958). Usually the image is in front of the patient at a certain 
distance, mostly fleetingly but very occasionally lasting for 
days at a time. It may be transparent, or coloured and defi- 
nite, or show expressive movements. It may consist of the 
whole or only a part of the body, but the face is usually 
included. Cases have been described in which the image 
occurs to one side of the midline in a hemianopic field of 
vision. The experience may be extremely realistic but is 
almost always recognised by the subject to be a pathological 



event. The emotional reaction may be of anxiety or quiet sur- 
prise, depending on the patient's mental state. 

Usually the experience is visual, as the name implies, but 
sometimes the body image is experienced as projected into 
outside space by senses other than vision. A number of sub- 
divisions of this striking phenomenon are recognised, as dis- 
cussed by Brugger et al. (1996). 

With autoscopic hallucinations only the visual part of the body image is 
split off, usually being perceived as a lifeless though multicoloured 
image of the patient's own person. In heautoscopy, somaesthetic ele- 
ments are additionally projected into peripersonal space so that the 
subject both sees and feels awareness of the presence of his double. The 
image is then experienced as a living being. The patient may indeed 
have difficulty in deciding whether he should refer to the phenome- 
non as 'seeing' or 'being' his double. In an out-of-body experience, the 
core subjective experience is the illusion of being separated from one's 
body, and visual elements may play a minor role. 'Feeling of presence' 
occurs without visual elements, the person having the illusion of being 
accompanied by an invisible being. Typical features include a distinct 
localisation for the 'presence', as a rule at a specific distance from the 
subject's own body, also a conviction that the invisible being is real. It 
is endowed with an intense sense of familiarity and affinity, and some- 
times it dawns on the subject that the presence is in fact a replica of 
himself. Heautoscopy and 'feeling of presence' can occur in close tem- 
poral conjunction with one another in certain organic states. 

Brugger et al. (1996) suggest that autoscopic hallucinations 
owe most to occipitotemporal lesions and heautoscopy 
proper to temporoparietal lesions. 'Feeling of presence' may 
be closely associated with parietal lobe impairment and is 
often seen along with a sensory hemisyndrome or hemispa- 
tial neglect. Commonly, however, the associated cerebral 
pathology is diffuse. With regard to laterality, Brugger et al. 
suggest that the visual doppelgangers (autoscopic halluci- 
nations and heautoscopy) occur more often with right hemi- 
sphere lesions than left, whereas out-of-body experiences 
are projected more often towards the right and presumably 
reflect left hemisphere dysfunction. In their analysis of 31 
cases of 'feeling of presence', Brugger et al. found that the 
presence was typically confined to one hemispace and was 
rather more often lateralised to the right than the left; of 12 
cases with unilateral brain lesions, eight were in the left hem- 
isphere and four in the right. 

Phantom limb, which occurs after amputation or peripheral 
lesions of the nervous system, has a basis quite distinct from 
the supernumerary phantom that occurs with cerebral 
disease (Halligan et al. 1993). It is nonetheless in some ways 
the most decisive proof of the existence of the body schema. 
Phantom limbs are seen most commonly after amputation, 
but similar phenomena may follow severe nerve plexus 
lesions or lesions of the brainstem and thalamus. Equivalent 
phantom phenomena have also been reported after removal 
of the breast, the genitalia or the eye. 
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Halligan (2002) provides a comprehensive review of the 
phenomenon throughout history to the present day and its 
implications for cognitive neuropsychiatry. Distinction must 
be made between the perception of the missing limb itself, 
including its spatial characteristics, and the perception of 
phantom limb sensations such as paraesthesiae, heaviness, 
cold, cramp and pain. If the phantom is to develop, it usually 
does so immediately after amputation, persisting sometimes 
for several months and sometimes for the rest of the patient's 
life. It has a markedly realistic character, can usually be 
'moved' at will, and may assume a relaxed or a cramped 
position. In the course of time it may appear only sporadi- 
cally, or it may gradually telescope, the distal portion ulti- 
mately approaching the stump and disappearing into it. 

Pain in the phantom limb can be distressing and intracta- 
ble. It is typically paroxysmal, burning or shooting in charac- 
ter, sometimes occurring alone and sometimes with 
paraesthesiae. As with other phantom limb sensations the 
pain may be markedly affectedby influences such as a change 
in the weather, use of a prosthesis, use of the contralateral 
limb, pain elsewhere in the body or firm efforts at mental 
concentration. A topographically organised sensory repre- 
sentation of the phantom limb may develop (remapping), for 
example on the face or chest, stimulation of which may be 
experienced in the phantom and which may be detected 
using functional neuroimaging in the corresponding sensory 
cortical region. 

A psychogenic component thus undoubtedly exists, and 
has been interpreted in terms of loss of bodily integrity and 
reaction to disablement. The current emotional state may 
have a profound effect, depression contributing to such an 
extent that electroconvulsive therapy (ECT) has sometimes 
been found to abolish phantom limb pain. Psychotherapy 
and hypnosis have accordingly sometimes met with success 
in treatment, as has sensory distraction. However, a physio- 
logical component is also indicated by the efficacy, short- 
lived though it may be, of surgical procedures. Relief may 
follow the excision of a stump neuroma, chordotomy, or 
lesions in the thalamic radiation or sensory cortex. 

Body image disturbances in non-organic 
psychiatric illness 

This area has rarely been examined systematically, and Luki- 
anowicz's (1967) survey of 200 consecutive admissions to a 
mental hospital, 31 of whom complained spontaneously of 
unusual sensations and experiences in various parts of their 
bodies, provides a valuable set of observations. 

Disturbances of the shape of the body image were the com- 
monest abnormality and took many forms. In schizophrenia 
patients there were examples of feelings of change of shape 
to that of another animal, the hands feeling shrunken like 
crab's claws or the whole body feeling as though transformed 
into a dog. Such changes appeared to be based essentially on 



misinterpreted bodily sensations, combined often with hal- 
lucinations of the sense of smell. Insight into the unreality 
of the experiences was commonly retained, though some- 
times incompletely expressed. In some cases complex 
sensory experiences appeared to underlie feelings that the 
body was changing into that of the opposite sex, likewise in 
some examples of transformation into Christ or other figures. 
Care was taken to distinguish as far as possible between 
mechanisms such as these, in which there was a discernible 
relationship to corresponding bodily sensations and halluci- 
nations, and the more usual situation in which a delusional 
belief in a new identity or sex was purely ideational. 

Feelings of change of position in space included levitation, 
floating and falling, sometimes as hypnagogic phenomena 
but sometimes occurring in the full waking state. In epileptic 
patients equivalent sensations were sometimes observed as 
a kinaesthetic aura preceding an epileptic attack. 

Feelings of reduplication and splitting occurred in schizo- 
phrenia and in depression. 



A schizophrenic student had the feeling of: 

two bodies, one outside the other, only a bit larger than my actual 
body. I feel that the 'inner' body is the real one, and the 'outer' is 
more like something artificial, a sort of shell over a hermit crab 
although it has the shape and the appearance of my 'real' body. 

A woman when depressed had a feeling: 

as if my body was split into two halves, like a stem of a tree struck 
by lightning. They both feel a few inches apart and there is nothing 
between them, but a black empty hole; black and empty and 
dead. 



Again, in epileptic patients such experiences could herald an 
attack. Experiences of autoscopic doubling were also seen in 
patients with schizophrenia and depression. 

Feelings of additional body parts occurred in several 
bizarre forms, sometimes inviting a psychodynamic formu- 
lation which would see them as symbolically representing 
displaced sexual organs (but see Halligan et al. 1993). 



A man whose potency was dwindling as a result of spinal 
injury developed recurrent depressive episodes. In one 
there were visual and haptic hallucinations of spurs and 
horns growing from his ankles, in another of a ball sticking 
out of his thigh, and in another of big screws growing from 
his abdomen and thighs. He retained insight into their 
unreal nature, and ECT was effective in banishing the phe- 
nomena along with the depression. 
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Change of size sometimes affected the whole body, and 
sometimes parts only, such as the ears, nose or limbs. Again, 
displaced sexual symbolism sometimes provided the most 
ready explanation, though analogous examples occurring in 
the course of epileptic and migrainous attacks may have 
rested primarily on disturbed cortical function. Lilliputian 
experiences were rare in comparison to feelings of enlarge- 
ment, but one depressed woman had distressing hypnagogic 
experiences in which she felt her body shrink rapidly to the 
size of her little finger. 

Changes in mass were usually manifest as feelings of emp- 
tiness and hollowness of body parts, particularly of the head. 
They were confined to patients with depressive illness or 
neurotic disorder, and often came close to nihilistic delu- 
sions. The following case illustrates the possible distinction. 



A man with an anxiety disorder described a recurrent hyp- 
nopompic experience as follows: 

Just after I wake up, but before I move, I have a terrifying feeling 
that my whole body consists of skin with nothing inside, like an 
empty blown-up balloon, or an empty shell, only pretending to 
be a human body. It is a very frightening feeling, which lasts only 
a few seconds and disappears immediately when I move any part 
of my body. 



In general these various disturbances in psychiatric 
patients seemed to be an integral part of their mental ill- 
nesses, along with the more common hallucinations and 
related psychotic symptoms. Successful treatment of the 
psychiatric illness invariably resulted in resolution of the 
body image disturbances. 

More recently, Cutting (1989) has analysed body image 
disturbances in a series of 100 schizophrenic patients. Rather 
surprisingly almost half had experienced some form of dis- 
order, the predominant subjective change being alterations 
in structure, weight or shape. Other abnormalities included 
tactile hallucinations, feelings of additions to the body, or 
belief in the presence of localised devices within the body. As 
expected many of these changes were highly bizarre. Conso- 
nant with Cutting's (1985, 1990) view that right hemisphere 
dysfunction is important in the pathogenesis of schizophre- 
nia, 13 of the 14 instances in which the disorder was lateral- 
ised concerned the left side of the body. 

As noted earlier, however, non-organic and particularly 
non-psychotic disorders of body image frequently affect 
midline structures and probably relate to exaggerations or 
distortions of common, culturally influenced preoccupa- 
tions. For example, personal appearance or an aspect of body 
image becomes the focus of obsessional rumination, or over- 
valued ideas, and may lead to requests for surgical interven- 



tion, or may dominate eating behaviour as in anorexia 
nervosa. Again, treatment should be aimed at the underly- 
ing disorder. 

Non-cognitive disturbances and regional 
brain dysfunction 

The forms of disability discussed above have all been more 
or less closely tied to cognitive or perceptual deficits, even 
though these have sometimes been of a rather subtle nature. 
There remain, however, certain abnormalities of emotion, 
behaviour and 'personality' that appear to be related to 
regional brain dysfunction yet do not necessarily have cog- 
nitive disturbance at the core. These are clearly of special 
interest to the psychiatrist. Certain examples have been 
selected for discussion. 

Abnormalities of emotion and personality cannot be 
assessed with anything like the precision that is usually pos- 
sible for cognitive defects. It has already been seen how much 
uncertainty surrounds our understanding of such measura- 
ble disorders as memory impairment, and such testable 
defects as aphasia or apraxia. With the body image distur- 
bances there is an uncertain admixture of physiogenic and 
psychogenic mechanisms to be considered. Such problems 
are greatly extended in any analysis of disordered emotion 
or abnormalities of personality and social behaviour. Despite 
such difficulties important leads have been obtained, and 
interesting clinicopathological correlations have emerged in 
the examples discussed below. 

Disordered control of aggression 

Aggression is commonly divided into 'defensive' and 'pred- 
atory'. In extreme form this may be manifest as outbursts of 
uncontrollable violence. In some instances such disturbance 
is clearly attributable to focal cerebral pathology: in relation 
to epilepsy, certain cerebral tumours and other forms of brain 
disease. But the argument has been extended to suggest that 
in some habitually aggressive individuals, not showing 
overt signs of cerebral disorder, there may be abnormalities 
of the neural apparatus subserving aggressive responses. 
Attention has been directed particularly at possible dysfunc- 
tion of the 'limbic brain' and especially of the amygdaloid 
nuclei within the temporal lobes. This remains a contentious 
area, not least because of the frequent difficulty in apportion- 
ing blame between pathophysiological and psychosocial 
influences in clinical situations, as discussed below. 

In seeking correlates between aggressive behaviour and 
brain pathology, one is handicapped by the difficulty of 
defining in what circumstances and to what degree aggres- 
sion must be displayed before it is regarded as abnormal. A 
variety of motivations may be involved, and many aspects of 
aggression are biologically valuable in humans as in other 
animals. Its determinants include environmental, social, 
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cultural and intrapsychic factors, also learned components, 
any of which can emerge as crucial in individual instances. 
However, there appear to be persons who are subject to 
recurring and harmful outbursts of aggressive behaviour, 
sometimes on little or no provocation, and certain aggressive 
offenders whose episodes remain inexplicable in terms of 
personality, social adjustment and the situation at the time. 
Here it would seem that there may be important cerebral 
determinants of this pattern of behaviour: an abnormal trig- 
gering of aggressive responses based in disturbed cerebral 
functioning (Filley et al. 2001). 

Neural substrate for aggressive responses 

A neural substrate for the elaboration and display of aggres- 
sion has been amply demonstrated in both animals and man. 
A large literature exists to show that in animals aggressive 
behaviour can be facilitated, decreased or abolished by cere- 
bral lesions, mostly situated in or near the limbic system and 
hypothalamus. Bard (1928), for example, showed the impor- 
tance of the caudal half of the hypothalamus for the elabora- 
tion of 'sham rage' in decorticate cats, and Kliiver and Bucy 
(1939) demonstrated an abnormal absence of anger and fear 
after bitemporal lesions in monkeys. Downer (1962) ele- 
gantly showed how removal of the amygdaloid nucleus 
from a single temporal lobe would, after section of the cere- 
bral commissures, allow the monkey to display normal 
aggressive behaviour when stimuli were fed to the sound 
hemisphere but unnatural tameness when fed to the lesioned 
side. 

Delgado's work was particularly impressive in illustrat- 
ing the need to take into account both intracerebral mecha- 
nisms and socioenvironmental factors in the understanding 
of aggressive behaviour in animals (Delgado 1969). Radio- 
stimulation via implanted electrodes in the amygdala, 
hypothalamus, septum and reticular formation allowed dis- 
crete areas of the brain to be stimulated while monkeys and 
chimpanzees were free-ranging and interacting with their 
fellows. Certain areas when stimulated produced a threaten- 
ing display or social conflict, but this depended on the hierar- 
chical position of the animal in the group; such responses 
could be observed when a submissive monkey was at hand 
as a target, but were inhibited in the presence of a dominant 
animal. Moreover, elicited behaviour that might be inter- 
preted as aggressive by the experimenter was apparently not 
always perceived as such by the other animals in the colony. 

Clinical evidence 

Some of the principal evidence has come from studies of 
patients with epilepsy. This is set out in Chapter 6, where the 
question of a special association between temporal lobe epi- 
lepsy and aggressive behaviour is discussed (see Crime and 
epilepsy). A proportion of patients with temporal lobe epi- 
lepsy appear to show explosive aggressive tendencies, not 
only in relation to attacks but as an enduring trait of their per- 



sonalities. Temporal lobectomy carried out for the relief of 
epilepsy may be followed by pronounced improvement in 
the control of such disorder. 

When patients with and without 'affective aggression' are 
contrasted, the former generally turn out to have more cog- 
nitive impairments and other psychiatric symptoms. Using 
MRI, van Elst et al. (2000) showed that at least a subgroup of 
the aggressive patients did not show evidence of mesial tem- 
poral sclerosis, but had marked atrophy of the amygdala. A 
separate report from the same research group ( Woermann et 
al. 2000) using voxel-based analysis of MRI showed more 
distant left frontal grey matter volume deficits in the aggres- 
sive group, presumably contributing to the behavioural 
manifestation. 

Patients with cerebral tumours have occasionally been 
observed to show abnormal outbursts of rage and destructive 
behaviour. Poeck (1969) reviews the literature, showing the 
frequent involvement in such cases of the hypothalamus, 
septal regions and medial temporal structures including 
the hippocampus and amygdaloid nucleus. Some patients 
have described their condition as a feeling of rage building 
up in spite of themselves, others as waiting tensely for the 
first opportunity to release their accumulated aggression. 
However, Poeck stresses that the relation between symptoms 
and lesions is by no means strict and constant. Important addi- 
tional factors derive from the premorbid emotional make- 
up, and the presence or absence of diffuse brain damage. 

A patient reported by Sweet et al. (1969) showed in very 
striking fashion the possible relationship between a circum- 
scribed tumour and the wildly aggressive behaviour that 
ultimately ensued. The case also illustrates the complex 
nature of 'aggressive' behaviour in humans in general, and 
the hazards of attempting a simplistic formulation of the 
nature of the link between such behaviour and cerebral 
pathology. 



In August 1966 a young man murdered his mother and wife 
in their apartments, then ascended the University of Texas 
tower, stepped on to the parapet and killed by gunfire 14 
people, wounding 24 others. In his personal diaries he had 
recorded over several months that something peculiar was 
happening to him, which he did not understand but which 
he was noting down in the hope that its mention would help 
others to do so. Five months before the mass murder he had 
consulted a psychiatrist, stating early in the interview that 
sometimes he became so mad he could 'go up to the top of 
that University tower and start shooting at people'. Autopsy 
disclosed a glioblastoma multiforme; the damage to the 
brain from the gunshot wounds that terminated his barrage 
led to uncertainty about the precise location of the walnut- 
sized tumour, but it was considered to be probably in the 
medial part of one of the temporal lobes. 
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Other examples of an association between a lowered 
threshold for aggression and brain pathology include 
patients who become seriously disturbed as a result of birth 
trauma, head injury and intracerebral infections. However, 
in such situations clinicopathological correlations are rarely 
exact enough to allow firm conclusions to be drawn about 
the role of circumscribed as opposed to diffuse brain damage. 
Moreover, there will often be intervening variables by way of 
affective disorder or paranoid psychosis, especially when 
serious violence is involved (Gunn 1993). Tonkonogy (1991) 
performed CT and MRI in a mixed group of patients with 
organic psychosyndromes who had shown repetitive violent 
behaviour; in 5 of 14 patients, focal lesions were observed in 
the anterior temporal lobe structures close to the amygdala, 
most often attributable to head injury. The questions of 
impaired control of aggression after head injury is further 
discussed in Chapter 4 see under Aggression and of antiso- 
cial conduct after encephalitis lethargica in Chapter 7. 

Opportunities for assessing the effects of stimulating 
discrete brain structures in humans have occasionally 
appeared to yield direct evidence for the role of limbic struc- 
tures in elaborating emotional responses, including short- 
lived feelings of rage. Heath et al. (1955) stimulated the 
amygdaloid nucleus via implanted electrodes in a chronic 
schizophrenic patient, resulting in a sudden rage response 
when the current reached a certain intensity. She was per- 
fectly aware of her feelings and was able to discuss them 
objectively between stimulations. The result was unstable, 
however, and later stimulation of the same point produced 
feelings of fear in place of rage. Delgado et al. (1968) found 
that stimulation of the amygdala and hippocampus in 
patients with temporal lobe epilepsy produced a variety of 
effects including pleasant sensations, elation, deep thought- 
ful concentration, relaxation and colour visions. However, in 
one patient with postencephalitic brain damage and epi- 
lepsy, stimulation of the right amygdala led to episodes of 
assaultive behaviour reminiscent of her spontaneous out- 
bursts of anger: 7 seconds after the stimulation she inter- 
rupted her activities, threw herself against the wall in a fit of 
rage, then paced around the room for several minutes before 
resuming her normal behaviour. During the elicited rage 
attack no seizure activity was evident on depth recording. 
The observation proved to be of crucial importance for select- 
ing the appropriate site for a destructive lesion within the 
temporal lobe. Fenwick (1986) reviews other early studies of 
this nature. 

Psychosurgery for aggression 

It thus seems fair to conclude that pathological derange- 
ments affecting the limbic areas, and perhaps especially the 
amygdaloid nuclei, are capable of leading to abnormal ten- 
dencies towards aggressive behaviour in humans. The con- 
clusion has led to attempts at modifying such behaviour by a 
variety of psychosurgical procedures. Unilateral temporal 



lobectomy can meet with success in patients with temporal 
lobe epilepsy, as already mentioned, but bilateral operations 
are contraindicated by the severe memory deficits that 
follow. However, Turner (1969, 1972) reported success with 
bilateral division of tracts within the temporal lobes and with 
posterior cingulectomy, mostly in patients with temporal 
lobe epilepsy but also in some abnormally aggressive 
patients who had never had seizures. 

Attention has also been directed at stereotactic operations 
on the amygdaloid nuclei in patients with temporal lobe epi- 
lepsy and violent behaviour (Hitchcock et al. 1972; Mark et al. 
1972). The results were reported as often markedly success- 
ful, and without disabling side effects. Narabayashi per- 
formed amygdalectomies on one or both sides in a large 
population of patients, some with epilepsy and some with 
'severe behaviour disorders and hyperexcitability' (Naraba- 
yashi et al. 1963; Narabayashi & Uno 1966). Nearly all were 
mentally subnormal. Generally positive results were 
claimed. It is hard in these reports to discern how specific 
were the effects on aggressive behaviour, and how far the 
improvements may have been related to improved control of 
epilepsy. An enormous series has been reported by Rama- 
murthi (1988) in India of 481 cases of bilateral amygdalotomy 
and 122 with mostly secondary posteromedian hypotha- 
lamotomies for otherwise untreatable aggression. Good 
results are asserted on three-quarters of the cohort which, it 
is claimed, persisted in the majority at 3 years. Naturally, ran- 
domised and double-blind evaluation of such treatments are 
difficult to achieve but one cannot be confident that these 
results are generalisable to clinical practice in most parts of 
the world. Advances in psychopharmacology combined 
with the social controversy surrounding psychosurgical 
treatments, especially when applied to minors and to persons 
held in custody on account of offences, means that such 
approaches are likely to be seen increasingly as an absolute 
last resort. 

Habitually aggressive offenders 

We must now consider the situation in individuals who 
display persistently aggressive behaviour yet who lack overt 
evidence of brain pathology. These are the persons tradition- 
ally labelled as 'aggressive psychopaths' or as having an 
'explosive personality disorder ' . Their outbursts of violence 
are usually merely a part of wide-ranging personality and 
social maladjustments. They are notoriously resistant to 
efforts at therapeutic intervention, yet many seem to outgrow 
their aggressive propensities in middle years. It is obviously 
a matter of importance to attempt to clarify whether in some 
such persons there are definable abnormalities of the neural 
apparatus subserving aggressive responses, and to what 
degree such abnormalities are inherited or acquired. 

It has been known for many decades that a high propor- 
tion of persons with disturbed personalities, especially those 
who show aggressive antisocial behaviour, have abnormal 
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EEGs. Such EEG abnormalities involve the temporal lobes 
particularly, are often of a type suggesting cerebral immatu- 
rity, and tend to decrease with age in parallel with improve- 
ments in behaviour. Hill (1944) found that the abnormalities 
in aggressive psychopaths were often bilateral, synchro- 
nous, and postcentral in location, suggesting dysfunction in 
subcortical centres or the deep temporal grey matter. 

Williams (1969) reinforced the importance of earlier find- 
ings. In a review of EEGs carried out on over 300 men con- 
victed of violent crimes, he found that of those who had a 
history of habitual aggression or explosive rage, 65% had 
abnormal EEGs. When persons with disabilities suggesting 
structural brain damage were excluded (i.e. those who were 
mentally subnormal, had epilepsy, or with a history of major 
head injury) the figure remained high at 57%, around four to 
five times higher than in infrequently violent people from 
the same sample. 

Since the early EEG studies, the full armamentarium of 
neurological investigations has been applied to people with 
serious aggression. This has been thoroughly reviewed 
recently with an emphasis on frontal lobe dysfunction 
(Brower and Price 2001). The participants in such studies 
tend to be drawn from a variety of settings, from the commu- 
nity to specialist forensic psychiatric units. The nature of the 
sample has a great bearing on the results, as does the extent to 
which potential confounding factors, such as drug and 
alcohol abuse, psychosocial deprivation, psychiatric disor- 
der, epilepsy and legal implications, are taken into account. 
Most neuropsychological studies do indeed show an associ- 
ation between violent behaviour and executive deficits but 
the association is rather non-specific. The review cites studies 
using MRI that have shown, for example, reduced prefrontal 
grey matter volume in a small group with antisocial person- 
ality disorder even in comparison to a substance-dependent 
control group. A further study using FDG-PET on 41 'mur- 
derers' revealed reduced metabolic activity in prefrontal 
(and left subcortical) structures and this seemed to apply 
most to those without psychosocial risk factors for aggres- 
sion and whose pattern of behaviour was of the non- 
predatory type (Brower & Price 2001). There is insufficient 
evidence to point more precisely to areas in the cortex or even 
prefrontal cortex that might subserve aggressive behaviour, 
but the authors suggest that dorsolateral and medial frontal 
abnormalities may relate to aggression of the impulsive 
versus unempathic varieties, respectively. 

Episodic dyscontrol (intermittent explosive disorder) 

After excluding patients who have demonstrable epilepsy, 
brain damage or psychotic illness as a basis for their aggres- 
sive acts (also those pursuing a motivated career of premedi- 
tated crime for gain), one is left with a number of persons 
who may be victims of their disturbed cerebral physiology. 
The essence of the claim is that violent behaviour can, in 
effect, be the only overt symptom of brain disorder. 



The great majority of such persons are male, from seri- 
ously disturbed family backgrounds, and with a history of 
repeated outbursts of violent behaviour dating back to ado- 
lescence or even childhood. Provocation for such outbursts 
has often been minimal. Evidence of minor neurological dys- 
function is not uncommon and there is a high frequency of 
abnormal EEGs, often involving the temporal lobes and 
sometimes quasi-epileptic in nature. Many have symptoms 
reminiscent of epileptic phenomena, even when not suffer- 
ing from seizures; in particular the outbursts may be pre- 
ceded or followed by features akin to those seen with 
temporal lobe epilepsy. The implication is that such persons 
have functional abnormalities of the neural systems subserv- 
ing aggressive responses, which set the threshold for the 
elicitation of outbursts at an unusually low level. 

Such a 'syndrome' appears to stand at the borderland 
between what is conventionally regarded as psychopathic 
personality and what with more definite clinical evidence 
might be included as temporal lobe epilepsy. Clear definition 
of the syndrome, and estimates of its frequency, are rendered 
difficult by the elusive nature of the ancillary evidence of cer- 
ebral dysfunction, and the ever-present confounding evi- 
dence of social and interpersonal stresses in the group. 

The status, and indeed the existence, of the syndrome 
remains a matter of controversy. Some regard the concept as 
useful in clinical practice, which may benefit from treatment 
in its own right (Olvera 2002), while recognising that it cuts 
across traditional diagnostic boundaries (Elliott 1992). 
Others regard it as serving no useful purpose. Lucas (1994) 
presents a detailed review of the evolution of the concept and 
concludes that its nosological status is invalid. He stresses 
that it lacks clear demarcation from allied forms of disor- 
dered behaviour, and suggests that it represents one extreme 
of a continuum rather than a distinct nosological category. 

Schizophrenia 

Schizophrenia has proved to be an increasingly fruitful arena 
for neuropsychiatric research. Ever since its earliest delinea- 
tion from Kraepelin's time, an organic contribution to the 
disorder has been suspected and is now increasingly 
accepted. Some thinkers have even gone so far as to predict 
that schizophrenia will soon be seen as quintessentially neu- 
ropsychiatric, the first in a wave of classical psychiatric dis- 
orders to be reclassified in a brave new era of enlightenment 
and pathophysiologically based diagnoses. So far this has 
not happened. What has occurred is that following a massive 
if uncoordinated international research effort, the brain basis 
of schizophrenia has become an essential part of the tenets of 
mainstream general psychiatry no longer requiring the 
prefix 'biological' or 'neuro-'. Hence, some mention of the 
neuropsychology, neuroanatomy, neurophysiology, neuro- 
chemistry and neuropathology of schizophrenia is to be 
expected in any manual of psychiatry and even a cursory dis- 
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cussion of the current state of evidence in each of these areas 
could stretch to many volumes. It may be that, over the 
horizon, there will be a discovery that renders much of this 
information redundant, so that in the next edition of this text- 
book a few concise paragraphs will be all that is required to 
outline the genes, brain systems, neurotransmitters and pro- 
teins that cause schizophrenia, followed over the page by the 
cure. Alas, for the time being it not possible to predict what 
promising avenues will lead to dead ends and what marginal 
observations will turn out to be breakthroughs. 

What follows therefore is a highly partial account of schiz- 
ophrenia through the filter of clinical neuropsychiatry. This 
comprises, first, a picture of schizophrenia as a neurological 
disorder, with emphasis on its associated cognitive and neu- 
rological deficits (with heavy reliance on MRI). Next, the 
symptomatic schizophrenia concept is discussed. The latter 
presents regularly in clinical contexts, for instance when 
investigation of a patient diagnosed with schizophrenia 
brings to light a significantbrain or toxic abnormality. Finally, 
some implications of research in schizophrenia for the rest of 
neuropsychiatry is outlined. 

Schizophrenia and neuropsychological impairment 

The earlier term for schizophrenia, 'dementia praecox' (pre- 
mature dementia), makes it clear how central cognitive 
impairment was to the early conceptualisation of the disor- 
der. What has remained contested is whether such impair- 
ment is confined to some functions while sparing others and 
what is its temporal sequence. That is, is it there premorbidly, 
at the onset of the illness and does it accumulate as the disor- 
der progresses? 

When patients with chronic schizophrenia are assessed 
with a 'standard' clinical neuropsychological battery, their 
performance does not distinguish them from other neuro- 
logical cases, including those with amnesia (see Memory dis- 
order in the psychoses). Furthermore, elderly patients with 
schizophrenia will, on average, perform as badly on neu- 
ropsychological tests as patients with moderate Alzheimer 's 
disease, with only marginally superior memory and inferior 
executive and motor functions (Davidson et al. 1996). Unse- 
lected convenience samples of schizophrenia patients will 
usually show impairments on a range of cognitive test 
between 1 and 3 standard deviations below the population 
mean (equivalent to 15-45 IQ points) and recent work on 
patients in their first episode confirms that much of this 
impairment is present from the beginning (Heinrichs & Zak- 
zanis 1998; Bilder et al. 2002). Consistent with this is the 
failure to find marked cognitive decline following the first 
episode up to 5 years later. The very latest research using 
serial structural MRI measures is beginning to challenge this. 
There appears to be a general loss of brain substance (grey 
more than white) in patients with schizophrenia after their 
first episode, which seems to represent an acceleration of the 
normal age-related decline. This may be a strand of evidence 



in favour of a 'neurodegenerative' element to schizophrenia 
(see below) but currently attention is focusing on the possi- 
ble effects of medications, particularly typical or first- 
generation antipsychotics (Lieberman et al. 2005). 

Premorbid and illness- and symptom-related 
cognitive deficits 

One of the few consistent findings in the literature is that 
people destined to develop schizophrenia show, as a group, 
delayed developmental milestones and social development, 
plus inferior academic performance at school and on cogni- 
tive tests, in comparison to their peers. Studies that have 
compared schizophrenic-to-be children with their siblings 
have confirmed patients' lower premorbid IQs but reveal a 
less marked discrepancy than when classmates are used for 
comparison. The greatest discrepancy arises when schizo- 
phrenic-to-be children are compared with population norms 
(Aylward et al. 1984). 

Getting an accurate picture of premorbid deficits in routine 
clinical practice is difficult unless school reports over many 
years have been retained. Tests of reading ability, such as the 
National Adult Reading Test, have been shown to be rela- 
tively immune from acquired cognitive decline so may serve 
as a proxy for premorbid ability (Crawford et al. 1992). 

By far the strongest evidence comes from longitudinal 
birth cohorts from the UK and conscript cohorts from Sweden 
and Israel. The National Survey of Health and Development 
(Jones etal. 1994) comprised a random sample of all UKbirths 
in a single week in March 1946 (approximately 5000) and was 
studied on 19 occasions between the ages of 2 and 43 years on 
a number of health and social variables. Cases of schizophre- 
nia (30 meeting DSM-IIIR criteria) were identified in the 
course of these assessments and from a register of psychiatric 
hospital admissions. The cases tended to score lower on all 
tests of educational abilities carried out at ages 8, 11 and 15, 
the deficit increasing with age. The other cohort was started 
in 1958 and became known as the National Child Develop- 
ment Survey (Done et al. 1994). It too consisted of all births in 
a single week. Individuals were assessed at ages 7, 11 and 16 
on a large variety of health, psychological and social varia- 
bles. There were approximately 40 such cases who met 
'narrow' schizophrenia criteria and these were contrasted 
with a comparable group of pre-affective disorder and pre- 
neurosis children. The pre-schizophrenics showed a stable 
pattern of psychometric test score deficits equivalent to 
around 8-9 IQ points. 

Acohort of Swedish men conscripted into the armed forces 
in 1969 has been followed up to the age of 43. Of around 
50000, some 362 developed schizophrenia (Zammit et al. 
2004) . There was a strong linear trend which showed that the 
lower the IQ was at age 18, the greater the risk of schizophre- 
nia, with an approximately 10-fold difference between a 
low-borderline IQ and a superior IQ. It was as though the 
whole population of pre-schizophrenics had an IQ shifted 
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downwards by 5-10 IQ points. This pattern is not seen in 
bipolar disorder. When the individual tests were examined 
there was a hint that verbal tests and those which required a 
degree of planning and strategy were more sensitive to the 
cognitive problems associated with schizophrenia but the 
overall finding was of a non-specific cognitive impairment 
(David et al. 1997). Note that cognitive functioning could not 
be regarded as 'abnormal' at this time. 

The Israeli conscript cohort studies comprised both men 
and women and involved 536 people with schizophrenia 
(Reichenberg et al. 2002). Again, the results were remarkably 
consistent, with those destined to develop schizophrenia 
scoring lower on a range of tests, be they non-verbal such 
as the Raven's Progressive Matrices, or verbal, arithmetic 
or abstract reasoning (speaking and reading being spared). 
The effect sizes were between 0.2 and 0.6, which can be 
roughly translated into a 4-8 IQ points deficit. It should be 
noted that these cohort studies made efforts to control for 
behavioural and social problems, which might have con- 
founded the results, and for prodromal decline. Hence cog- 
nitive efficiency is clearly suboptimal prior to the onset of 
schizophrenia but not in a way that could easily be detected 
clinically because it is neither particularly marked nor 
unusual in its pattern. This raises the question as to how this 
subtle cognitive dysfunction turns into the large neuropsy- 
chological deficits affecting patients with the disorder. Very 
few longitudinal studies have spanned the premorbid and 
postmorbid phases of the illness, an exception being that by 
Caspi et al. (2003) on the Israeli conscripts. They showed that 
when individuals were retested after a single episode of 
schizophrenia on the same battery of tests they had when 
inducted into the army, they tended to show a drop in rea- 
soning, mental speed and concentration; if not, they certainly 
failed as a group to show any improvement on the tasks, 
which, however minor, was seen in the healthy control 
conscripts. 

The remaining illness-related neuropsychological deficits 
prominent in cross-sectional studies of patients is yet to be 
fully explained. As implied above, it applies to established 
cases, as well as first-onset and drug-free patients (Saykin et 
al. 1994) and there is surprisingly little resolution after the 
episode has abated (Censits et al. 1997). Nevertheless some of 
the decline can probably be put down to the unfortunate 
combination of lost opportunities, physical illness, substance 
misuse, medication, lack of motivation, social isolation and 
selection factors, although why a small number of patients 
show a massive decline in intellectual functioning, some- 
times in spite of relatively good symptom control, remains a 
mystery. 

Generalised or specific? 

Prior to the onset of schizophrenia it is clear that most if not 
all cognitive functions show some compromise. The same is 
true in the full-blown disorder (Heinrichs & Zakzanis 1998) 
but it has repeatedly been claimed that some test scores seem 



to be disproportionately impaired and others relatively 
spared, i.e. there are specific neuropsychological deficits. 
Visual perception, recognition, naming and procedural or 
motor learning are relatively spared while executive func- 
tions (including working memory, tasks of set shifting, ignor- 
ing irrelevance, forward planning) and memory (Aleman 
et al. 1999), especially verbal and semantic, tend to be the 
functions more obviously affected. Hence it is not unreason- 
able to begin to talk of a schizophrenia profile . The Wisconsin 
Card Sorting Test is widely regarded as a test of frontal lobe/ 
executive functioning (see Chapter 3, under Frontal lobe 
('executive function') tests) and has been used frequently in 
studies of schizophrenia. Patients tend to perform badly, and 
this is interpreted as evidence of a specific frontal /executive 
deficit. However, the counter-argument is that given the 
general intellectual demands of the task in terms of working 
memory and sustained attention, as well as set-shifting and 
response inhibition, such an inference may be questioned. 
Indeed Dickinson et al. (2004) showed that most of the cogni- 
tive impairment in patients could be explained by a single 
factor (cf. IQ). 

One reason why more specificity has not emerged may be 
that the 'schizophrenias' are heterogeneous at the cognitive 
level and that separating patients according to symptom 
pattern or syndrome might clarify the matter. Liddle (1987) 
found that symptoms of schizophrenia aggregated into three 
broad clusters: psychomotor poverty (affecting speech and 
movement and blunting of affect); reality distortion (essen- 
tially positive symptoms, hallucinations and delusions); and 
finally disorganisation (including thought disorder and 
inappropriate affect). Using a battery of neuropsychological 
tests, he showed that psychomotor poverty was associated 
with poorer performance on abstract reasoning and long- 
term memory tests, disorganisation on impairments of atten- 
tion and learning, while the reality distortion symptoms 
correlated with impaired figure-ground perception (tradi- 
tionally temporoparietal tests). Subsequently, Liddle et al. 
(1992) employed functional neuroimaging techniques to 
corroborate these clusters. ls O-PET indices of resting regional 
cerebral blood flow (rCBF) were measured in cohorts of 
chronic schizophrenic patients with contrasting patterns of 
symptomatology. Patients classified as having the psychomo- 
tor poverty syndrome (i.e. poverty of speech, flattened affect 
and decreased spontaneous movement) showed decreased 
rCBF in the left prefrontal and parietal cortex, along with 
increases in the caudate nuclei. The area of left prefrontal 
hypoperfusion coincided with that shown by Frith et al. 
(1991) to be activated by the internal generation of willed as 
compared with routine actions. Patients with the disorganisa- 
tion syndrome (disordered thought and inappropriate affect) 
showed increased resting rCBF most markedly in the ante- 
rior cingulate region. This coincides with the area maximally 
activated during performance of the Stroop test, in which 
competing responses must be suppressed (see Chapter 3, 
under Stroop tests); hence it may reflect a struggle in such 
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patients to suppress inappropriate mental activity. Patients 
with the reality distortion syndrome (delusions and hallucina- 
tions) showed increases in rCBF most prominently in the left 
parahippocampal gyrus and contiguous areas. In each syn- 
drome the detailed patterns of blood flow indicated that dis- 
tributed neuronal networks rather than specific loci were 
implicated in the underlying abnormalities of brain 
function. 

Much work has been done along these lines. At the risk of 
not doing justice to this work, a broad summary might be 
that, in general, standard neuropsychological tests do not 
show noticeable correlations with key symptoms such as 
hallucinations and delusions. Experimental paradigms that 
involve signal detection, source monitoring or attribution 
processes, alone or in combination, have helped to conceptu- 
alise hallucinations in cognitive terms (David 2004) and 
probabilistic reasoning plays some role in delusions (Gilleen 
& David 2005; Freeman 2007) . Thought disorder does appear 
to be related to semantic processes and abnormal syntax (see 
Language and schizophrenia: the problem of 'thought disor- 
der', earlier). Negative or deficit symptoms map more easily 
onto those deficits familiar in neurologically damaged 
patients . Lack of motivation, motor slowing, loss of initiative 
and affective flattening may all be seen in neurological 
patients, particularly those with frontal-striatal dysfunc- 
tion, and the corresponding neuropsychological tests usually 
reflect these impairments (for further reading see David & 
Cutting 1994; Sharma & Harvey 2000). Social cognitive defi- 
cits are of topical interest and it has been proposed that the 
inability to infer correctly the beliefs, feelings and intentions 
of others (to have a 'theory of [other] minds') may underlie 
paranoia as well as inappropriate social behaviours (Frith 
1992; Gilleen & David 2005). 

Neuropsychological function has been related to various 
indices of outcome and predictors of rehabilitation success. 
Indeed, such functioning is a much stronger predictor of 
global outcome than symptoms. In a thorough review of the 
literature. Green (1996) and Green et al. (2000) concluded that 
the most consistent finding was that verbal memory was 
associated with all types of functional outcome so that defi- 
cits in this function could limit the level of outcome. Vigi- 
lance was related to social problem-solving and skill 
acquisition while card sorting predicted functioning in the 
community. 

Structural brain imaging 

Pathology at the microscopic level is still held up as the defin- 
ing characteristic of a disease. The application of neuropa- 
thology to schizophrenia is reviewed below but its influence 
on the efforts to understand schizophrenia as a brain disease 
has recently been overshadowed by in vivo neuroimaging, 
especially MRI. The reasons are obvious: high-level anatom- 
ical information can be gleaned from any and all types of 
patient; samples can be studied that begin to meet epidemio- 
logical standards in terms of representativeness and lack of 



bias; associations with relevant aetiological factors such as 
family history, treatment response and phase of illness can 
all be studied systematically without the need to wait for 
death and to contend with post-mortem artefacts. 

Studies of structural neuroimaging in schizophrenia have 
parallels with neuropsychology. Quantitative reviews of 
studies using CT (van Horn & McManus 1992) show clear 
evidence for generalised loss of tissue (large ventricles and 
smaller cortical thickness). The body of work relating to 
structural MRI is now vast and has been subjected to several 
meta-analyses. These studies, in demonstrating and indeed 
quantifying consistently observed effects, will inevitably 
downgrade findings relating to specific brain structures in 
individual studies. Hence it remains possible that a particu- 
lar neuroanatomical structure (or network of structures) 
deemed key to schizophrenia would nevertheless, because 
of its size, location or difficulties in measurement, be sub- 
merged among the larger effect sizes highlighted by meta- 
analytic reviews. 

The most striking finding from both CT and MRI is the 
increase in ventricular size, a 40% increase being the median 
value reported in a review of volumetric MRI studies by 
Lawrie and Abukmeil (1998). Nevertheless, the range of 
values in schizophrenia overlaps considerably with the 
normal population so this finding has little clinical utility. 
The same reviewers calculated that the average loss of brain 
tissue was a mere 3%, with an effect size (i.e. units of standard 
deviation) of 0.26. If there is a region that seems to attract 
more tissue loss than the brain as a whole it is the temporal 
lobes, with around 8% loss on average in the same review. A 
more sophisticated analytic approach was taken by Wright 
et al. (2000) in their summation of 58 MRI studies involving 
1588 patients with schizophrenia in total. The overall loss of 
brain volume was 2% and the overall increase in ventricular 
volume was 26%, mostly accounted for by increase in the 
body of the lateral ventricles. Medial temporal structures 
stood out from the rest, with the amygdalae, hippocampi 
and parahippocampi down by about 6% on both sides; 
however, this was equivalent to effect sizes (for hippocam- 
pus and parahippocampus) of between 0.4 and 0.69, in the 
moderate range. 

The origin of these changes has been illuminated by appli- 
cation of MRI to monozygotic twins discordant for schizo- 
phrenia (Suddath et al. 1990). As well as having larger 
ventricles, affected twins had smaller temporal lobes and 
hippocampi than their co-twins. This compelling work con- 
firmed the association between medial temporal volume loss 
and the schizophrenia phenotype as well as implying a nec- 
essary role for non-genetic factors, obstetric complications 
being a prime suspect (Dalman et al. 2001; Thomas et al. 2001; 
Cannon et al. 2002). Subsequent research has shown that 
unaffected relatives of people with schizophrenia tend to 
have larger ventricles than non-related controls. 

The frontal lobes, despite their obvious functional rele- 
vance to schizophrenia, do not show quite the same level 
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of structural loss, with a mean reduction effect size of 0.36 
in a meta-analysis of 22 structural imaging studies (Zakzanis 
& Heinrichs 1999). Most studies have shown that grey 
matter takes the brunt of volume changes (Zipursky et al. 
1992), although this may be partly due to the difficulty 
in defining white matter tracts reliably enough for volumet- 
ric measurement. Large white matter tracts such as the 
corpus callosum are easy to define, especially in the sagittal 
plane. This has been shown to be reduced in size in a small 
meta-analysis (Woodruff et al. 1995). Voxel-based methods 
of analysis avoid the difficulty (and tedium) of tracing 
around predetermined anatomical regions and are increas- 
ingly being employed in structural neuroimaging research. 
First, each subject's volumetric dataset must be transformed 
into a standard space and then an average brain volume 
for one group may be compared (by computer), voxel by 
voxel, with another. When used in schizophrenia, both 
white and grey matter regions (medial temporal lobe again, 
plus insula and prefrontal regions) may be identified as 
having reduced density, which probably translates to 
reduced volume (Shapleske et al. 2002; Honea et al. 2005) 
(Fig. 2.2: see also Plate 2.2). 



In contrast to the repeated finding of reduced cerebral 
volume, the striatum (particularly the caudate) has been 
found to be increased in size. This has been attributed to 
treatment with conventional neuroleptic drugs. 

Associations with regional brain pathology 

Neurologist Fred Plum (1972) was led to make the memora- 
ble remark that 'schizophrenia is the graveyard of neu- 
ropathologists'. Now there has been an upsurge of interest in 
neuropathology, fuelled in part by the findings from neu- 
roimaging and molecular biology (Harrison 1999; Harrison 
& Weinberger 2005). Plum's remark has been interpreted in 
several ways: first as a warning to pathologists to steer clear 
of schizophrenia if they wish their careers to survive, but 
second that the brain in schizophrenia is like a graveyard, in 
the sense that all sorts of odd things may be found there - 
gliosis, infarctions, dysplasias and so on. This latter interpre- 
tation is at least empirically supportable. Classical reviews 
by Davison and Bagley (1969) and Davison (1983) should be 
consulted as summaries of the rich literature before the era of 
CT. The coexistence of brain lesions or pathology in people 




Fig. 2. 2 Brain regions in which significant 
volume deficits in patients with 
schizophrenia were reported in voxel- 
based morphometry studies (N= 1 5), by 
percentage of studies reporting the deficit. 
In row (a), left and right whole-brain three- 
dimensional images are overlaid with all 
regions in which significant volume 
deficits in patients with schizophrenia 
were reported. In row (b), a coronal view 
and an axial three-dimensional image are 
shown. In row(c), axial views are shown. 
From Honea et al. (2005), American journal 
of Psychiatry M2, 2233-2245. ©2005 
American Psychiatric Association. See also 
Plate 2.2. 
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with schizophrenia raises nosological problems. For 
example, is any association with brain damage fortuitous or 
due to the unmasking of a genetic liability to the disorder, or 
more directly related by way of a causal influence of the brain 
lesion on the development of the schizophrenia? Harrison 
(1999) estimated from a thorough review of the neuropathol- 
ogy literature that up to 50% of brains from patients 
with schizophrenia contain non-specific focal degenerative 
abnormalities, such as small infarcts and white matter 
changes. He took these to be mostly if not always coinciden- 
tal, since they were variable in distribution and nature, and 
reported as unrelated to the clinical picture occurring well 
after the onset of symptoms in some cases. Nevertheless, the 
conclusion emerges that lesions, particularly of the temporal 
lobes and diencephalon, appear to carry a small but definite 
risk of increasing the likelihood that a schizophrenia-like 
illness will develop. This hazard appears to exceed what 
would be expected in view of the known genetic propensi- 
ties in the populations concerned. It has not yet been clarified 
whether such schizophrenias are identical in every respect 
with the naturally occurring idiopathic disorder, in particu- 
lar with regard to the course followed. Phenomenologically, 
however, they appear to be indistinguishable from schizo- 
phrenias occurring in the absence of brain disease 
(Table 2.1). 

Irrespective of such nosological refinements, the striking 
fact appears to be that psychotic illnesses with the major fea- 
tures of schizophrenia may coexist with cerebral lesions and 
may be generated in some fashion by them. The acute and 



chronic organic reactions described in Chapter 1 are by no 
means the exclusive hallmarks of mental disorder occa- 
sioned by cerebral dysfunction. The corollary implication is 
that while in the great majority of schizophrenias no clear- 
cut brain lesion will be revealed by routine investigation, in 
some patients there may be identifiable pathology that war- 
rants careful appraisal. 

The evidence incriminating the temporal lobes and dien- 
cephalon has come from diverse forms of cerebral pathology. 
That concerning head injuries is described in Chapter 4 
(Psychoses), that for cerebral tumours in Chapter 5 (Tempo- 
ral lobe tumours) and that for epilepsy in Chapter 6 (Post- 
ictal disorders). While far from satisfactory or entirely 
conclusive, for the reasons discussed above, the sum total of 
evidence begins to look impressive. Other clinical evidence 
has pointed to disease of the basal ganglia as having a 
special relationship with schizophrenia-like illnesses, for 
example in Huntington's disease (Chapter 9), Wilson's 
disease (Chapter 12) and the rare syndrome of idiopathic 
calcification of the basal ganglia (Chapter 10). Bowman 
and Lewis (1980) reinforced this association in their 
analysis of the site of major pathology in a large variety of 
cerebral disorders liable to show aspects of schizophrenic 
symptomatology. 

It remains puzzling that frontal lesions are not more often 
incriminated, with the exception of occasional disorders 
such as metachromatic leucodystrophy (Chapter 14). Occa- 
sional anecdotal reports of schizophrenia following frontal 
damage are therefore of interest. 



Table 2.1 Certainty and doubt in schizophrenia neuropathology. (From Harrison 1 999.) 



Macroscopic findings 

Enlarged lateral and third ventricles ++++ 

Decreased cortical volume ++++ 

Above changes present in first-episode patients +++ 

Disproportionate volume loss from temporal lobe (including hippocampus) +++ 

Decreased thalamic volume ++ 

Cortical volume loss affects grey rather than white matter ++ 

Enlarged basal ganglia secondary to antipsychotic medication +++ 

Histological findings 

Absence of gliosis as an intrinsic feature +++ 

Smaller cortical and hippocampal neurones +++ 

Fewer neurones in dorsal thalamus +++ 

Reduced synaptic and dendritic markers in hippocampus ++ 

Maldistribution of white matter neurones + 

Entorhinal cortex dysplasia + 

Disarray of hippocampal neurones + 

Miscellaneous 

Alzheimer's disease is not commoner in schizophrenia ++++ 

Pathology interacts with cerebral asymmetries ++ 



±, weak; +, moderate; ++, good; +++, strong; ++++, shown by meta-analysis. 
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A young man with a family history of depression suffered 
several episodes of bipolar affective illness over a 2-year 
period. He then sustained a head injury leading to a left 
frontal haematoma that necessitated a left frontal lobec- 
tomy. Nine months later he developed a classic schizo- 
phrenic illness which pursued a chronic course during 6 
years' follow-up. A spike-discharging focus was detected 3 
years after the injury when he developed epileptic seizures. 
The authors suggest that the transformation from bipolar 
affective disorder to schizophrenia, in a patient genetically 
predisposed to the former, was due to the unusual combina- 
tion of damage to the left frontal lobe and an excitatory 
lesion in the left temporal lobe (Pang & Lewis 1996). 



Aboy sustained a blow to the head in the left frontal parietal 
region after being knocked from his bicycle by a car at the 
age of 14 years. There was no fracture, but he was uncon- 
scious for 3 or 4 hours and had a lowered level of conscious- 
ness for 2 weeks. EEGs at the time and 10 years later were 
normal. At the age of 16 he presented to psychiatric services 
following a suicide attempt. He had elaborate delusions of 
persecution, inappropriate affect and auditory hallucina- 
tions. Psychologically he was assessed to be in the bright 
normal range. An MRI scan carried out at the time of the 
report, when the patient was in his late twenties, showed 
generalised ventricular dilatation perhaps greater on the 
left. There was a family history of psychosis in a maternal 
cousin but no history of obstetric or perinatal complica- 
tions. The patient responded to standard treatment 
(O'Callaghan et al. 1988). 



A whole range of abnormalities not listed in Table 2.1 may 
also be found in the brains of people with psychotic disorder, 
namely those of developmental origin. These include agene- 
sis of the corpus callosum (David et al. 1993), cavum septum 
pellucidum, aqueduct stenosis, arachnoid cysts, and so on 
(Shenton et al. 2001). Some of these would undoubtedly have 
gone unnoticed were it not for the widespread use of MRI. In 
clinical settings these disorders sometimes make atypical 
features of the patient's presentation more comprehensible, 
such as mild learning difficulty and motor clumsiness or 
minor physical anomalies. Anecdotally, such anomalies 
seem to confer a degree of treatment resistance. Statements 
on the aetiological relevance to schizophrenia requires a ratio 
to be calculated of the true rate of the abnormality in question 
in a representative sample of patients against that in the 
general population. We are beginning to see sufficient MRI 
research using 'healthy' or near-healthy controls to come up 
with just such figures. It turns out that of 1000 people, includ- 
ing some elderly, who had volunteered to be controls in 



various research projects in the USA, 18% had abnormal MRI 
scans, although in just under 3% was this deemed to require 
a referral (Katzman et al. 1999). In some other surveys, con- 
fined to younger people, even higher levels of abnormalities 
have been reported. For example in a study of 98 controls, 
152 with first-episode psychoses and 90 with chronic schizo- 
phrenia, 24%, 22% and 50% had abnormal MR scans, respec- 
tively, as j udged by a radiologist blind to diagnosis (Lubman 
et al. 2002). Apart from possible evidence of demyelination, 
infarction, trauma, focal atrophy and white matter hyperin- 
tensities (see Chapter 3, White matter hyperintensities), 
developmental anomalies such as cerebellar ectopia, cavum 
septum pellucidum, pineal cysts and hamartomas were 
seen. Again, few required further investigation. Taking these 
findings together with numerous case reports, it is very likely 
that such abnormalities are more common in schizophrenia 
but only account for a small minority of cases. This may be 
taken as general evidence consistent with the view that dis- 
ruption in neurodevelopment is a key aspect if not an essen- 
tial part of the disorder. 

While the widespread application of CT and MRI has 
uncovered cases of brain pathology that might otherwise 
have been missed, a thorough and systematic medical review 
will also reveal a small number of cases in whom a systemic 
disease may be of aetiological relevance. A cohort of 268 first- 
episode schizophrenia cases investigated by Johnstone et al. 
(1987) produced 15 patients (<6%) with relevant organic 
disease. These included three cases of syphilis, two of sar- 
coidosis, and one each of carcinoma of the lung, autoimmune 
multisystem disease, cerebral cysticercosis and thyroid 
disease. Substance abuse and previous head injury accounted 
for the rest. 

Neuropathology 

A detailed knowledge of the microscopic pathology in the 
brains of people with schizophrenia is beyond the scope of 
this book. For a summary of the current state of the art, it 
would be hard to better Harrison's comprehensive and 
accessible review (Harrison 1999). He concludes that the best 
explanation for the reduction in cerebral volume discussed 
above is reduced neuropil and neuronal size, rather than a 
loss of neurones. Such morphometric changes are, according 
to Harrison, suggestive of alterations in synaptic, dendritic 
and axonal organisation, a view supported by immunocyto- 
chemical and ultrastructural findings. Other cytoarchitec- 
turalfeaturespurportedtobemorefrequentinschizophrenia, 
such as entorhinal cortex heterotopias and hippocampal 
neuronal disarray, remain to be confirmed. Importantly, Har- 
rison does not view gliosis as an intrinsic feature, the impli- 
cation of this being that the disordered brain in schizophrenia 
is not a response to an acquired insult or disease process as 
usually understood but rather it supports the hypothesis 
that schizophrenia is a disorder of prenatal neurodevelop- 
ment, and in this respect is quite unlike Alzheimer's disease 





Neuropsychology in Relation to Psychiatry | 87 



for example. In another invaluable summary of this rapidly 
evolving field, Harrison and Weinberger (2005) summarise 
evidence linking neuropathology with the identification of 
several putative susceptibility genes (including neuregulin, 
dysbindin, COMT, DISCI, RGS4, GRM3 and G72). The 
authors speculate that these genes may all converge func- 
tionally on schizophrenia risk via an influence on synaptic 
plasticity and the development and stabilisation of cortical 
microcircuitry. In a further attempt at integration, the authors 
try to link these findings with the known neurochemistry of 
schizophrenia and conclude that NMDA receptor-mediated 
glutamate transmission may be especially implicated, along 
with of course dopamine and possibly y-aminobutyric acid 
(GABA) signalling (Table 2.2). 

Functional brain imaging 

Functional imaging studies effectively took origin from 
Ingvar and Franzen's (1974) demonstration of diminished 
cerebral blood flow to frontal regions in older chronic schizo- 
phrenic patients. Subsequent PET studies have given varia- 
ble results, as reviewed by Bench et al. (1990) and Buchsbaum 
(1990), seemingly due to variations in technique and differ- 
ences in the populations investigated. Nevertheless, most 
reports have shown lower metabolism in the frontal and 
temporal regions and basal ganglia than in posterior brain 
areas. With further experience, however, such hypometabo- 
lism appears to lack specificity in that it may also be seen in 
some degree in patients with depressive illness (see Execu- 
tive (frontal lobe) syndromes, earlier). Weinberger et al. 



(1991) concluded that in all studies which have used cogni- 
tive tasks demanding prefrontal activation, schizophrenia 
patients have tended to show a 'hypofrontal' pattern as 
measured by cerebral blood flow or glucose utilisation. This 
provides a tempting explanation for such common symp- 
toms as affective blunting and impaired volition. Taking this 
further, Frith (1995) points out, for example, that 'self-moni- 
toring' depends on a tight correspondence between anterior 
brain regions concerned with voluntary motor output and 
posterior regions concerned with the relevant sensory inputs. 
When normal subjects generate words there is an increase in 
blood flow to the dorsolateral prefrontal cortex and an asso- 
ciated decrease in the superior temporal cortex. In schizo- 
phrenic patients performing the same task, the dorsolateral 
prefrontal cortex increase was not associated with decreases 
in the left superior temporal cortex, implying a lack of con- 
nectivity between these two brain areas. 

Despite the elegance of much functional MRI research in 
human subjects, its ability to reveal previously hidden truths 
about schizophrenia is limited. This stems from the problem 
in interpreting reduced activation in the light of virtually 
universally poorer performance. This is especially relevant 
to functional imaging of prefrontal deficits. When perform- 
ance is equated, unusual patterns of activation may be seen, 
such as hyperfrontality, one interpretationbeing thatpatients 
are having to 'work harder' to produce adequate perform- 
ance. Many researchers have grappled with this problem. 
Lahti et al. (2001) examined activation in deficit and non- 
deficit patients and showed that overall levels of activation 



Table 2.2 Schizophrenia susceptibility genes and the strength of evidence in four domains. 
(From Harrison & Weinberger 2005.) 



Gene 


Locus 


Strength of evidence (0 to +++++)* 


for 




Association with 
schizophrenia 


Linkage to 
gene locus 


Biological 

plausibility 


Altered expression 
in schizophrenia 


COMT 


22q1 1 


++++ 


++++ 


++++ 


Yes, + 


DTNBP1 


6p22 


+++++ 


++++ 


++ 


Yes, ++ 


NRG 7 


8pl 2-21 


+++++ 


++++ 


+++ 


Yes, + 


RCS4 


1q21-22 


+++ 


+++ 


+++ 


Yes, ++ 


GRM3 


7q21-22 


+++ 


+ 


++++ 


No, ++ 


DISCI 


1 q42 


+++ 


++ 


++ 


Not known 


G 72 


1 3q32-34 


+++ 


++ 


++ 


Not known 


DAAO 


1 2q24 


++ 


+ 


++++ 


Not known 


PPP3CC 


8p21 


+ 


++++ 


++++ 


Yes, + 


CHRNA7 


1 5q 1 3-1 4 


+ 


++ 


+++ 


Yes, +++ 


PRODH2 


22ql 1 


+ 


++++ 


++ 


No, + 


Aktl 


1 4q22-32 


+ 


+ 


++ 


Yes, ++ 



Note: Ratings are of course subjective and transient. 

‘Based on sample sizes and numbers of replications, not the magnitude of the relative risk; +++ is 
equivalent to at least three positive independent studies. 
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were similar between the patient groups and healthy con- 
trols on a control sensory motor task, but that only deficit 
patients failed to activate right middle frontal cortex in rela- 
tion to a decision task. Cannon et al. (2005) made use of a visu- 
ospatial working memory task and variable memory load. It 
was the need to manipulate the visual material in mind that 
uncovered the patients' failure to increase activation in the 
dorsolateral prefrontal cortex and this was reflected in a 
falling off in performance. 

Interesting attempts have also been made to explore dif- 
ferences on neuroimaging between schizophrenic patients 
with and without persistent auditory hallucinations. 
McGuire et al. (1993) obtained clear-cut results by arranging 
for each patient to serve as his own control, carrying out hex- 
amethylpropyleneamine oxine (HMPAO)-SPECT scans 
(Chapter 3) first in the presence of ongoing auditory verbal 
hallucinations, then again some weeks later when these had 
largely resolved. On each occasion the patient was asked to 
signal the presence or absence of hallucinations immediately 
prior to the injection of HMPAO. Increased blood flow was 
demonstrated in Broca's area during the occurrence of hallu- 
cinations, i.e. the area that has been implicated in the subvo- 
cal rehearsal of inner speech (Paulesu et al. 1993). Such a 
finding supports the idea that hallucinations arise from the 
patient's failure to monitor his own thoughts and 'inner 
speech', which is therefore regarded as alien and perceived 
as emanating from others. 

In a further study, schizophrenic patients liable to auditory verbal 
hallucinations were compared with those who were not, even 
though hallucinations were not occurring at the time of testing 
(McGuire et al. 1995). ls O-PET scans were carried out while the subject 
imagined sentences being spoken in another person's voice. In normal 
subjects this task is associated with increased activity in such areas 
as the left inferior frontal gyrus, the supplementary motor area and 
the left temporal cortex (McGuire et al. 1996) . Patients prone to halluci- 
nations showed the expected increase in frontal activity, but reduc- 
tions rather than increases in the supplementary motor area and left 
temporal regions. Thus it appeared that a predisposition to auditory 
verbal hallucinations was reflected in aberrant connectivity between 
the areas concerned with the generation and monitoring of inner 
speech. 

Functional MRI (see Chapter 3) has also been used to 
explore the cerebral correlates of auditory verbal hallucina- 
tions (David et al. 1996) . Images were obtained during periods 
of auditory stimulation (speech) and visual stimulation 
(flashing lights), both when the patient was hallucinating 
and when he was not. Activation to visual stimulation 
occurred in the visual cortex irrespective of the presence or 
absence of auditory hallucinations, whereas temporal lobe 
activation to auditory stimulation was almost completely 
suppressed while hallucinations were in progress. David 
et al. interpret this as reflecting physiological competition 



for a common neural substrate, normally activated by 
speech, by the ongoing verbal hallucinations. A similar 
explanation seems to apply to visual hallucinations (ffytche 
et al. 1998). There have now been over a dozen studies that 
have tried to 'capture' auditory hallucinations using fMRI. 
Activity in the superior temporal lobe has been the pre- 
dominant finding, although left inferior frontal areas also 
emerge frequently (David 2004). 

Hemispheric differences 

A separate but perhaps complementary strand to the picture 
concerns evidence that aspects of cerebral dominance may 
bear a special relationship to schizophrenia. Historically, the 
schizophrenia-like psychoses seen with epilepsy tended to 
be associated with foci in the left hemisphere. Furthermore, 
neuropathological and neuroimaging investigations have 
drawn particular attention to changes in the left temporal 
lobe in the generality of schizophrenias. The prevalence of 
non-right-handedness in schizophrenia may be taken as 
further support for the left hemisphere hypothesis or more 
general evidence in favour of subtle maldevelopment. In 
neurological terms a lack of cerebral asymmetry has been 
noted and efforts have been made to capture this completely 
in terms of 'torque' or radius of gyration. Crow has inferred 
from this a more fundamental disturbance in laterality and 
language development which, along with other evidence 
from wide-ranging sources, he posits to be the basis of schiz- 
ophrenia psychopathology and which he believes may be 
related to the speciation of Homo sapiens (Crow 2000). 

Neurodevelopmental models 

A convincing account of a cerebral basis to schizophrenia 
must try to encompass a number of clinical observations: 
genetic liability to the disorder, a tendency to appear in 
adolescence or early adult life, response to certain medica- 
tions, and distinct associations in certain cases with pathol- 
ogy affecting the temporal lobes and limbic areas. Other 
findings almost as firm also need to be taken into account: 
'season of birth effects' with an excess during the late winter 
and early spring months, vulnerability to life events and to 
'expressed emotion', the presence of antecedent impair- 
ments from childhood onwards (Jones et al. 1994), and a host 
of tantalising relationships with aspects of cerebral 
laterality. 

The neurodevelopmental theory of schizophrenia has 
gained prominence in the field and is argued persuasively by 
a number of authorities (Weinberger 1987, 1995; Murray et al. 
1988; Allin and Murray 2002). It encompasses both genetic 
and environmental factors as having a causal relationship to 
the disease. Though not applicable in every case, the theory 
claims to account for a sizeable proportion of patients, par- 
ticularly those with early onset of the illness and prominent 
negative symptoms. 
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It is suggested that many schizophrenic subjects harbour 
'brain lesions', especially in the limbic system and frontal 
cortex, that have originated very early in life extending back 
even to the intrauterine period. Such lesions, which are of a 
subtle nature, predispose the affected person to develop 
schizophrenia later. They may be the product of genetic influ- 
ences controlling early brain growth, infection, immune dis- 
order, complications of pregnancy or abnormal patterns of 
neuronal migration. These lastmay be occasionedby damage 
to the fetus during pregnancy or may themselves be inher- 
ited directly. Important variables with respect to the risk of 
developing schizophrenia are likely to include the site and 
timing of the disturbances, and the presence or absence of a 
genetic predisposition to the disorder. 

There are precedents for such a situation in both animal 
experimental work and humans (Weinberger 1987). Thus a 
lesion of the dorsolateral prefrontal cortex does not mark- 
edly affect the infant monkey's behaviour, but disrupts per- 
formance on delayed response tasks in adulthood. Similarly, 
perinatal hypoxia may lead to cerebral palsy in infancy but to 
athetosis and epilepsy some years later. Brain myelination is 
also known to continue well into postnatal life, particularly 
in areas such as the corpus callosum and the prefrontal 
cortex. Weinberger (1987) stresses that the dorsolateral pre- 
frontal cortex is one of the last brain areas to myelinate, this 
continuing well into the second and third decades of life. In 
his model the declaration of symptoms may depend on the 
maturing of cortical-subcortical relationships. 

Sex differences with regard to schizophrenia canbe accom- 
modated within the neurodevelopmental model. There is 
consistent evidence that the onset of the illness is earlier 
in males than females, and that males show poorer premor- 
bid adjustment and tend to have a poorer outcome (Castle 
& Murray 1991). This accords with the evidence from neu- 
roimaging and neuropathology that the male schizophrenic 
brain is more often abnormal than the female. Moreover, 
neurodevelopmental disorders are generally commoner in 
boys than girls, as with developmental dyslexia and autism, 
perhaps as a result of slower maturation or greater lateralisa- 
tion of function that renders compensation for damage less 
successful. 
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The assessment of patients with organic psychiatric disorder 
follows the time-honoured principles of clinical practice 
generally. It is sometimes a time-consuming process, requir- 
ing a good deal of patience and persistence. A careful history 
is essential, the mental state must be systematically exam- 
ined, and a thorough physical examination will be required 
as well. The picture will then often remain incomplete 
without evaluation by a clinical psychologist with neuro- 
psychology skills and the undertaking of certain ancillary 
investigations. A period of observation in hospital in a spe- 
cialised unit can do much to clarify the situation when the 
diagnosis is unclear, but may not be accessible. Similarly, 
direct observation of the patient's living circumstances can 
be highly illuminating. In many cases, the initial contact with 
the patient will merely serve to establish the major probabili- 
ties in diagnosis and allow more detailed planning for further 
enquiries. 

N o attempt is made in the present chapter to outline a com- 
prehensive schema for psychiatric history-taking or exami- 
nation. This is dealt with in textbooks of general psychiatry 
and related publications (Goldberg & Murray 2006). The 
purpose here is to focus on those aspects of clinical enquiry 
which assume particular importance when one suspects an 
organic disease process in the genesis of the patient's mental 
symptoms. The value of certain psychometric tests and other 
investigatory procedures is also discussed. 

History-taking 

The difference between a good neuropsychiatrist and a 
mediocre one is a good history, which must include an 
informant interview and information on previous medical 
contact (the 'old notes'). And be aware that a 'poor historian' 
is the description of someone who takes a poor history rather 
than one who gives it. 

If the history is equivocal, certain features on examination 
usually soon indicate when there is likely to be an organic 



basis for the disturbance. The main task thereafter is to refine 
the diagnosis by seeking to determine the nature of the 
pathological process. It is only in a minority of patients, 
albeit a vitally important group, that the presentation may 
be misleading, namely in the very early case or in cases with 
an abundance of 'functional' psychiatric features. 

Time spent in obtaining a detailed history is almost always 
rewarded, and may yield more important leads to the correct 
diagnosis than a host of investigations. Certainly it will indi- 
cate what investigations, if any, need to be pursued. More- 
over, the patient's account and his behaviour during 
interview will provide a wealth of information about his 
mental state and the intactness or otherwise of cognitive 
functions. 

Statements derived from the patient alone frequently 
prove misleading, with regard to both the gravity of the 
symptoms and the time course of their evolution. This is 
clearly so when the patient is confused or suffering from 
obvious memory impairment, but can be equally important 
in other situations. The changes occasioned by brain damage 
can be hard for the patient to evaluate subjectively, even 
when insight is largely retained. Certainly, when asked to 
judge whether memory or other difficulties are worsening or 
improving, he will often seize on some recent instance that 
may have more to do with chance and circumstance than 
with the course of the clinical condition. In many cases there 
will be genuine loss of insight, and sometimes a desire to 
conceal from himself and from others that intellectual func- 
tions are failing. Sometimes, too, the early changes will be of 
a type more obvious to outsiders than to the patient himself: 
changes in mood, enthusiasms, habitual activities and atti- 
tudes. Such matters obviously require the detailed testimony 
of someone who has known the patient intimately through- 
out the evolution of the disorder. 

Abnormalities are likely to include such matters as dis- 
ordered behaviour, and disturbances of mood, memory and 
subjective experience. Physical symptoms will also often 
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figure prominently. The full range of complaints and appar- 
ent defects of functioning must be carefully explored, with 
readiness to search beneath the immediately presenting 
picture. Physical symptoms may have come to serve as the 
focus of attention for the patient and his relatives, and the 
true extent of mental abnormalities may only be revealed by 
specific enquiry. On the other hand the physical components 
should not be lightly brushed aside; in particular complaints 
of headache, malaise or generalised weakness must not be 
underestimated. When there is a problem of differential 
diagnosis between organic and non-organic mental illness, it 
will be necessary to preserve a delicate balance in the enquir- 
ies until information begins to tip the balance in one direc- 
tion or the other (Lishman 1992). 

Particular attention must always be paid to the mode of 
onset of the disorder, the duration of symptoms and the way 
they have progressed. Where developments have been 
insidious the onset is often dated very imprecisely, even by 
relatives, with some striking incident serving as a screen for 
much that went before. Systematic enquiry about the level of 
functioning prior to the alleged onset can then be useful - 
behaviour on a previous holiday or at Christmas time for 
example - and serve to remind informants of the earlier evi- 
dence of disorder. 

Enquiry should always be made for fluctuations in behav- 
iour or changes that have been observed from one situation 
to another. Nocturnal worsening is an important indicator of 
minor degrees of clouding of consciousness. Behaviour 
which is relatively intact in the restricted field of domestic 
activities may be dramatically changed when new experi- 
ences need to be confronted. Episodic abnormal behaviour 
of sudden onset and ending will raise the suspicion of an 
epileptic component. 

Other salient matters which deserve specific enquiry are 
outlined in Chapter 1 where differential diagnosis is dis- 
cussed. These include not only features among the present- 
ing symptoms, but also antecedent conditions such as head 
injury, alcoholism or drug abuse. A long list of medically 
unexplained symptoms cropping up periodically over a 
number of years, sometimes known only to the patient's 
general practitioner, is essential in formulating a diagnosis 
around somatisation or conversion. Tactful and careful 
enquiry may need to be made about sexual practices if any 
suspicion of AIDS arises. Any recent physical illness must be 
noted, or medications recently prescribed, or conditions pre- 
disposing to anoxia such as cardiac failure, respiratory inad- 
equacy or the recent administration of an anaesthetic. Any 
history of dysphasia, paresis, fits or other transitory neuro- 
logical disturbances must be ascertained. 

It is perhaps worth emphasising that the formal psychiat- 
ric history remains important even when the presenting 
complaints have a markedly organic flavour. Where the 
question arises of a differential diagnosis between organic 
and non-organic mental illness, all parts of the standard psy- 



chiatric enquiry will need to be completed. Previous reac- 
tions to stress, and symptoms observed during previous 
episodes of ill health, may help to clarify the significance 
of the present clinical features. Of course when there is 
abundant evidence of a cerebral pathological process, some 
parts of the formal psychiatric history will be redundant. 
However, there is still a need to know about premorbid pat- 
terns of functioning, special vulnerabilities and details of the 
patient's social and family setting. Such information may 
throw light on the content of the illness and on special factors 
that will need to be borne in mind in management. Knowl- 
edge of the level achieved in education and at work can simi- 
larly be valuable in assessing present evidence of intellectual 
decline. 



Physical examination 

The more one suspects an organic basis for the patient's 
mental condition, the more important will be the physical 
examination. Often it is the latter that yields decisive infor- 
mation about the precise aetiology and the treatment 
required. In practice the dichotomy between the physical 
and the mental examination can tend to melt away, with each 
providing essential leads to the other. This is particularly 
evident in the examination of higher mental functions, where 
the neurological examination overlaps with the detailed 
assessment of cognitive status. 

Special attention will usually need to be devoted to the 
neurological system, but other systems can be just as cru- 
cially important. Johnson (1968) found that among 250 
consecutive admissions to a psychiatric hospital, 12% had 
some physical illness that was an important aetiological 
factor in the presenting mental disorder. The majority were 
diagnosable by routine physical examination and had been 
missed prior to admission. Among his examples were cases 
of myxoedema, neurosyphilis, cerebral anoxia due to cardiac 
failure, chest infections, anaemia, liver failure, carcinoma 
and cerebral vascular disease. In addition many other physi- 
cal disorders were discovered that did not contribute directly 
to the presenting clinical picture. Even higher rates are seen 
in elderly patients admitted to psychiatric receiving wards. 
Koran et al. (1989), in a thorough evaluation of patients in 
the Californian mental health system, identified an impor- 
tant physical disease in almost 40% of cases. This was j udged 
to be causal in 6% and to exacerbate the mental disorder in 
9%. Relevant conditions included organic brain syndrome, 
epilepsy, migraine, head injury, diabetes, and thyroid and 
parathyroid disorders. One-sixth of the causal illnesses had 
been overlooked, also more than half of those which were 
exacerbating the picture. Some of the principal physical signs 
that must be sought with care are described in the following 
text. There are several reasons why physical and psychiatric 
illnesses may coincide (Box 3.1). 
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Box 3.1 Reasons why psychiatric patients may have 

physical illnesses 

1 Chance association 

2 The physical illness is responsible for the psychiatric disorder 

(a) Any disease affecting the central nervous system 

(b) Treatment for the physical illness causes psychiatric side 
effects, e.g. steroids, dopamine agonists 

3 The psychiatric disorder and the physical illness are both 
associated with a common factor, e.g. alcohol dependence 
causing amnesia and neuropathy 

4 The psychiatric disorder has increased the risk of physical illness 

(a) By self-neglect, poor diet, failure to comply with medical 
advice or, more directly, because of unusual beliefs leading 
to highly abnormal or restrictive diets, exposure to toxins, 
self-injury, risk-taking behaviours 

(b) Treatment for the psychiatric disorder causing adverse 
physical (including neurological) effects, e.g. parkinsonism 
and tardive dyskinesia following antipsychotic medication 

5 The physical complaint is related to psychological factors, e.g. 
biological symptoms of depression, abnormal illness behaviour 



It is important, especially in the neurological examination, 
to interpret abnormal findings in relation to the total clinical 
picture. Among the elderly in particular, isolated neurologi- 
cal abnormalities can be without significance. Absent vibra- 
tion sense, mild tremors, sluggish and irregular pupils, 
isolated abnormalities of tendon reflexes or a doubtfully 
positive plantar response may lack diagnostic significance, 
or be related to minor pathology without relevance to the 
present problem. On the other hand, when viewed against 
the total picture these can be just the features which lead 
eventually to the true diagnosis. 

Gross neurological abnormalities will rarely be encoun- 
tered in patients with diffuse cerebral impairment, but 
certain less striking features should be carefully observed. 
Some of these are not widely appreciated and can be impor- 
tant in raising suspicion of a degenerative brain process. 
Lack of manual precision, motor impersistence and per- 
severation of motor acts may emerge clearly in the course 
of neurological testing. A clumsy graceless walk or minor 
unsteadiness may betray cerebral pathology, even in the 
absence of definite pyramidal, extrapyramidal or cerebellar 
signs. This may be striking once attention has been directed 
towards it. In patients suspected of cerebral vascular disease, 
special attention should be paid to swallowing, speech and 
the jaw jerk as indicators of early pseudobulbar palsy. A 
wide-based gait has been stressed as an early indicator of 
normal-pressure hydrocephalus (see Chapter 9, Examina- 
tion). Minor parkinsonian features, such as a stooping 
posture or lack of associated arm movements on walking, 
may also be noticed in diffuse cerebral disease. Table 3. 1 sum- 



marises important neurological signs that might be espe- 
cially useful in the diagnosis of dementing conditions. 

Neurological soft signs 

As well as these general observations and the conventional 
neurological examination, a number of other signs may be 
elicited that may betray subtle neurological dysfunction. 
These include the so-called soft neurological signs, which 
comprise integrative sensory functions such as sensory 
extinction and graphaesthesia, motor sequencing acts such 
as the fist-edge-palm test, and the primitive reflexes such as 
the pout, snout, grasp and palmomental (unilateral contrac- 
tion of the muscles of the chin producing a wince-like move- 
ment when the thenar eminence of the ipsilateral hand is 
stroked briskly). Mirror movements (movement provoked 
in the one hand during a complex unimanual action in the 
other) may be observed. These signs have low specificity, 
being found in patients with a variety of diffuse neurological 
disorders and dementias as well as developmental disorders 
and the psychoses, not to mention a small proportion of 
healthy subjects, especially the elderly; they have been 
shown to correlate with negative symptoms and cognitive 
impairments in schizophrenia (Bombin et al. 2005). Never- 
theless, a prominent grasp reflex in a young adult with a 
history of personality change for example would raise suspi- 
cion of a frontal lobe syndrome. 

The mental state 

The evaluation of mental state provides a cross-sectional 
view that supplements the longitudinal view of the illness 
derived from the history. It also adds decisive information of 
its own. It is essential to realise that key features such as 
memory impairment may have to be sought diligently if they 
are to be properly displayed. 

There are obviously certain aspects of the mental state 
which are of especial importance in organic psychiatric 
disease, and these are described in some detail below. In 
particular, the correct evaluation of cognitive functions is 
often central to the identification of cerebral pathology. 
However, too early or exclusive a preoccupation with the 
assessment of cognitive functions can be a mistake, and 
stands to leave much valuable information uncharted. Short- 
cuts should be avoided, the aim being always a systematic 
and comprehensive examination of the full range of mental 
phenomena. Often, for example, it is uncertain how much of 
the picture may be explained on the basis of non-organic 
rather than organic mental disturbance, and such a differen- 
tiation requires careful assessment of all aspects of the mental 
state. Even when cerebral pathology is abundantly obvious, 
it is still necessary to be thoroughly aware of the patient's 
affective state, the nature of his interpersonal reactions and 
the content of his subjective experiences. The emphasis in the 
following sections on certain aspects should therefore not 
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Table 3.1 Abnormal neurological signs and their significance in dementia. (From Cooper & Greene 2005 with permission of BMJ Publishing 
Group Ltd.) 



Physical sign 


Seen in 


Ataxia 


Paraneoplastic disease, cerebellartumour, Whipple's disease, Creutzfeldt-Jakob disease, AIDS dementia complex, 
spinocerebellar ataxia, Wernicke-Korsakoff syndrome, Hallervorden-Spatz syndrome, ornithine transcarbamylase 
deficiency, Niemann-Pick disease, mitochondrial disorders, adrenoleucodystrophy, neurodegeneration with brain 
iron accumulation, lead poisoning 


Involuntary movements 


Eluntington's disease, inherited metabolic disorders including Wilson's disease, Creutzfeldt-Jakob disease, 
corticobasal degeneration, systemic lupus erythematosus, Whipple's disease, Hallervorden-Spatz syndrome, 
Lesch-Nyhan syndrome 


Myoclonus 


Post-anoxia, Creutzfeldt-Jakob disease, Alzheimer's disease, subacute sclerosing panencephalitis, myoclonic 
epilepsies, Hashimoto's encephalopathy, dementia with Lewy bodies, corticobasal degeneration (CBD) 


Extrapyramidal signs 


Dementia with Lewy bodies, Parkinson's disease, progressive supranuclear palsy, vascular dementia, 
frontotemporal dementia, Creutzfeldt-Jakob disease, Wilson's disease, Huntington's disease, dentato-rubro- 
pallido-luysian atrophy, neuroacanthocytosis, cerebral autosomal dominant arteriopathy with subcortical infarcts 
and leucoencephalopathy (CADASIL), Niemann-Pick disease, mitochondrial disorders, neurodegeneration with 
brain iron accumulation 


Pyramidal signs 


Motor neurone disease, Creutzfeldt-Jakob disease, CBD, vitamin B 12 deficiency, multiple sclerosis, spinocerebellar 
ataxia, multisystem atrophy, hydrocephalus, Alzheimer's disease, Hallervorden-Spatz syndrome, CADASIL, 
mitochondrial disorders, adrenoleucodystrophy, frontotemporal dementia 


Optic disc pallor 


Multiple sclerosis, vitamin B 12 deficiency 


Papilloedema 


Tumour, subdural haematoma, hydrocephalus 


Cortical blindness 


Vascular disease, Alzheimer's disease, Creutzfeldt-Jakob disease 


Anosmia 


Subfrontal meningioma, head injury, Alzheimer's disease, Parkinson's disease, Huntington's disease 


Abnormal eye movements 


Progressive supranuclear palsy, Wernicke-Korsakoff syndrome, Whipple's disease, corticobasal degeneration, 
mitochondrial cytopathies, cerebellar tumours, causes of raised intracranial pressure, Creutzfeldt-Jakob disease, 
mitochondrial disorders, Huntington's disease, Niemann-Pick disease type C 


Other cranial nerve signs 


Sarcoidosis, tumours, neoplasia, tuberculous meningitis 


Alien hand 


Corticobasal degeneration 


Visual field defect 


Tumour, vascular disease, Creutzfeldt-Jakob disease 


Pupillary abnormalities 
(Argyll Robertson pupil) 


Neurosyphilis 


Peripheral neuropathy 


Vitamin B 12 deficiency, paraneoplastic disorders, neuroacanthocytosis, spinocerebellar ataxia, Hallervorden-Spatz 
syndrome, adrenoleucodystrophy, neurodegeneration with brain iron accumulation, lead poisoning, systemic 
lupus erythematosus 


Early onset incontinence 


Tumour, hydrocephalus, progressive supranuclear palsy 


Bulbarfeatures 


Frontal dementia (motor neurone disease) 


Fasciculations 


Frontal dementia (motor neurone disease), rarely Creutzfeldt-Jakob disease 


Seizures 


Vasculitis, neoplasia, primary angiitis of the nervous system, limbic encephalitis, AIDS dementia complex, 
neurosyphilis, subacute sclerosing panencephalitis, Hashimoto's encephalopathy 


Grimacing facial 
expression 


Wilson's disease 
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be taken to imply that other areas are necessarily of minor 
importance. 

The mental state observed at interview must be evaluated 
against background information from others who have 
observed the patient in real-life situations. The interview has 
its own importance in allowing a systematic exploration of 
relevant areas of function, but is necessarily restricted in 
scope and is in many ways an artificial situation. For this 
reason admission to hospital for a period of observation 
often adds greatly to the assessment, although this is increas- 
ingly difficult to organise within modern community-orien- 
tated psychiatry services. Nurses' reports of behaviour in the 
ward, interactions with others and variability during the day 
can yield crucial information. Occupational therapy can 
provide the best setting of all when it comes to observing the 
detailed nature of the patient's difficulties over everyday 
tasks. 

Appearance and general behaviour 

Certain features obvious at a glance may raise suspicion 
of an organic basis for mental symptoms. Any evidence of 
physical ill health should be noted: pallor, loss of weight or 
indications of physical weakness. The facies can be very 
important: a certain laxness of the muscles of the lower face 
and lack of emotional play about the features can suggest a 
cerebral degenerative process in the absence of depression. 
Movements may be slow, sparse or tremulous. The appear- 
ance may be older than expected for the patient's age, or 
standards of self-care and general tidiness may be poor. A 
lapse of standards that cannot readily be explained on the 
basis of severe emotional disturbance can be a sensitive 
pointer to cerebral pathology. 

Features which should be noted in the course of conver- 
sation include slowness, hesitancy, perseverative tendencies 
and defective uptake or grasp . This is the time to note whether 
the patient is alert and responsive or dull and apathetic, 
whether he is friendly and cooperative or distant and 
reserved. The adequacy with which attention can be held, 
diverted or shifted from one topic to another may be seen to 
be abnormal. Impulsiveness, disinhibition or blunted sensi- 
tivity to social interaction are other relevant features that 
may emerge during the interview. The patient may be noted 
to tire unusually quickly with mental effort. 

Behaviour in the ward can also be revealing. The patient 
may prove to be indifferent to events and out of contact with 
his surroundings, sometimes with variability from one part 
of the day to another. Impaired awareness of the environ- 
ment may be manifest in a puzzled expression, aimless wan- 
dering, restlessness or repetitive stereotyped behaviour. 
Responses to various requirements and situations may 
reveal defects not previously suspected. He may lose his 
way, misidentify people or betray serious lapses of memory. 
Interactions with those around may reveal paranoid tenden- 
cies, or he may be observed to react to hallucinatory experi- 



ences not previously disclosed. Competence over dressing, 
undressing and matters of hygiene can be assessed. Disor- 
dered feeding habits can occasionally reveal the inroads of 
dementia in a patient with an otherwise well-preserved 
social manner. Any episode of incontinence will of course be 
noted, along with the patient's reaction towards it. 

Mood 

A variety of abnormalities of mood can occur with organic 
cerebral dysfunction, depending partly on the nature of the 
cerebral pathology and partly on the premorbid personality. 
Some forms of reaction are particularly common and imme- 
diately raise suspicion. 

Clouding of consciousness is often accompanied by an 
inappropriate placidity and lack of concern, coupled with 
some degree of disinhibition. The florid hostile or fearful 
moods of delirium are also characteristic, often changing 
rapidly from one moment to another. In early dementia a 
quiet wondering perplexity is often the predominant mood, 
or emotional lability in which signs of distress resolve as 
abruptly as they appear. 

An empty shallow quality to the emotional display should 
always raise suspicion of organic cerebral disease, likewise 
apathy in which there is little discernible emotion, and 
euphoria in which a mild elevation of mood is unbacked by a 
true sense of happy elation. Emotional blunting and flatten- 
ing are other characteristic signs. These classic forms are not 
invariable, however. Some patients with organic brain 
damage show heightened and sustained anxiety or marked 
depressive reactions. 

Characteristic emotional responses may emerge when 
the patient is faced with problems that tax his ability. He 
may over-react in an anxious aggressive manner, or alterna- 
tively become quiet, sullen and withdrawn. Goldstein (1942) 
described the catastrophic reaction ( katastrophenreaktion ) 
that can be observed in such circumstances, occasionally 
without warning but usually heralded by increasing anxiety 
and tension. The patient looks dazed and starts to fumble. 
Whereas a moment before he was calm and amiable, he now 
shows an intense affective response, varying from irritability 
and temper to outbursts of crying and despair. Autonomic 
disturbance is seen in the form of flushing, sweating or trem- 
bling. He may become evasive where further questions are 
concerned, or show a sudden aimless restlessness. 

Talk and content of thought 

The patient's talk, both spontaneously and in response to 
questions, provides a wealth of important clues. Discursive 
tendencies may be noted, or minor incoherence, or persever- 
ative and paraphasic errors. Perseveration is a sign of great 
importance in indicating cerebral pathology; having given a 
response the patient repeats this inappropriately to sub- 
sequent questions, as a consequence of difficulty with shift- 
ing his attention. Perseveration must be distinguished from 
reiteration, in which the patient continually repeats some 
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word, phrase or question without intervention by the exam- 
iner. The formal examination for dysphasic disturbances is 
considered below (see Chapter 2, Disorders of language and 
the aphasias. 

There may be pressure of talk, which serves as a screen to 
cover defects. The patient may employ denials or evasions 
when pressed for details about his history, or try to explain 
away failures with facile rationalisations. It canbe important 
to push gently beneath a well-preserved social facade in 
order to determine the true extent of the inroads made by cer- 
ebral pathology. 

Observation of the content of talk is the chief means of 
access to the patient's thought processes. A surprising 
poverty of thought may be revealed, or preoccupation with 
restricted themes. Associations may be found to be impover- 
ished and reasoning power impaired. 

Time should be spent in attempts to get as complete a 
picture as possible of any pathological ideas, experiences or 
attitudes that may be present. Paranoid tendencies are 
common in the presence of intellectual deterioration and 
ideas of reference may be marked. Delusional ideas may be 
stamped with certain characteristic features, as already 
described in Chapter 2. 

Perceptual distortions, illusions and hallucinations must 
be noted. In organic psychiatric disorders these occur chiefly 
in the visual modality; they tend to be commoner when 
sensory cues diminish towards nightfall, and maybe fleeting 
and changeable. Feelings of familiarity or unfamiliarity may 
be intrusive, with depersonalisation, derealisation or deja vu. 
Body image disorders merit careful assessment. 

The patient's attitude to his illness should always be ascer- 
tained. He may fail to recognise that he is unwell, deny any 
disability or take a surprisingly lighthearted view of his case. 
At the same time he may prove to be fully compliant over 
examination or admission to hospital. His own explanations 
for his symptoms should be determined. This alone can give 
important indications concerning his capacity for making 
realistic judgements. 

Assessment of the cognitive state 

The cognitive state examination can be crucial for producing 
evidence of an organic component in a mental illness. The 
number of tests and procedures available for assessing cog- 
nitive functions is rather bewildering, and it is therefore 
helpful to acquire a standard routine. This also has value in 
building up the clinician's experience of the different tests 
and the meaning to be put on failure in various situations. He 
can then formulate subjective judgements in cases where the 
evidence is not clear-cut; such judgements in turn are essen- 
tial when deciding whether more detailed investigations 
should be undertaken. 

Most of the brief shorthand tests employed by the psychia- 
trist lack adequate standardisation and validation. Indeed 



when their value has been tested they have often, taken indi- 
vidually, proved to be remarkably inefficient in distinguish- 
ing between organic and non-organic psychiatric illness. 
Many prove to be closely related to the patient's educational 
level and general intelligence, some are markedly affected 
by increasing age and others by emotional disturbance. Some 
of the more detailed psychometric procedures elaborated by 
psychologists are clearly superior for the task of identifying 
organic psychiatric disorder but are too cumbersome for use 
in every patient. 

Nevertheless, the routine tests available to the clinician 
have a value of their own. They have the important virtue of 
throwing a wide net and touching on a number of facets of 
cognitive function in a reasonably concise manner. In the 
course of administering them the examiner also obtains 
numerous indirect clues; the patient's behaviour while 
attempting the tests, and the nature of his approach, provide 
important information in themselves. Thus when taken in 
conjunction with observations gleaned during the interview 
there is a substantial chance that cerebral impairment will be 
suspected when it exists. Such suspicions can then be fol- 
lowed up by more decisive means. 

The fact that patients with non-organic psychiatric condi- 
tions sometimes show impaired performance on the tests is 
paradoxically of value as well. It is important, for example, to 
gauge how severely concentration is impaired in depressive 
illness, or to observe how little impact outside events have 
made in a patient with severe and sustained anxiety. The 
routine use of the tests in every patient is therefore seldom a 
waste of time. 

The important matter is to recognise the limitations of the 
tests and to have a clear strategy for knowing how far to press 
the cognitive status examination in a given situation. A brief 
examination is described below for use in every psychiatric 
patient, and then a more extended battery for use when 
organic cerebral disease is definitely suspected. 

Routine cognitive state examination 
Orientation 

Orientation for time is assessed by asking the patient to name the day 
of the week, date, month and year. Minor degrees of temporal disori- 
entation maybe identified by asking the patient to estimate the time of 
day, or to estimate how much time has elapsed since the interview was 
started. Impaired appreciation of the flow of time is sometimes surprisingly 
revealed and points strongly towards delirium. Orientation for place 
is assessed by asking the patient to name his present whereabouts and 
to give the address. Orientation for person is tested simply by asking 
the patient his name. 

Common sense must obviously be used in administering 
these simple questions . It will usually have become apparent 
in the course of history- taking if the patient is correctly orien- 
tated for place and person and these questions can therefore 
often be omitted. However, orientation for time is worth 
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testing in all patients, since this is commonly the first area to 
suffer in the course of mild impairment of consciousness or 
intellectual impairment. Latitude will obviously be required 
in interpreting errors with respect to date; Brotchie et ah 
(1985) showed that errors of a day or more occurred in 29% of 
healthy elderly subjects when orientation was accurate in 
other respects. Patients with chronic schizophrenia may 
underestimate their age (age disorientation) and this error 
tends to predict wider cognitive impairments. It points to a 
failure to update personal records with the entrenchment of 
the disorder and is claimed not to be a mere by-product of 
institutionalisation (Manschreck et ah 2000). 

Attention and concentration 

Marked difficulties with attention and concentration will 
usually have become apparent in the course of history-taking 
and examination. When so, it is important to record qualita- 
tive observations in full. 

Note deficiencies in the way in which attention is aroused or sustained, 
whether the patient is readily distracted by extraneous or internal 
stimuli, and whether attention fluctuates from one moment to another. 
There may be difficulty in shifting attention from one topic or frame of 
reference to another, or attention may be diffuse so that it cannot be 
directed to a particular purpose. Note impairment of ability to concen- 
trate on a coherent line of thought or reasoning, or undue readiness with 
which powers of concentration become fatigued. 

Brief tests that can be used to record attention and concentration 
include asking the patient to give the days of the week or months of the 
year in reverse order; recording and timing his efforts to subtract serial 
sevens from 100; or asking him to perform other simple tests of mental 
arithmetic appropriate to his level of intelligence. 

The ability to repeat digits forwards and backwards (digit span) 
provides another useful yardstick. The digits must be delivered in an 
even tone and at a rate of one per second if accurate comparisons are to 
be made. A start will usually be made with two or three digits for- 
wards, increasing by one each time until the patient's limit is reached. 

Memory 

The ability to register, retain and retrieve information should 
be assessed by two or three simple tests. The patient's 
capacity for current memorising (new learning) has the 
most important clinical implications and warrants close 
attention. 

Ask the patient to listen carefully while you tell him a name and 
address, then ask for its immediate reproduction. Record his answer 
verbatim, and repeat if necessary when the first response is unsatisfac- 
tory. Test retrieval 3-5 minutes later after interposing other cognitive 
tests, and again record the answer verbatim. 

Test ability to repeat a sentence immediately after a single hearing. 
The sentence should be appropriate to the patient's intellectual level 
as in the following examples from the Stanford-Binet series. 

• Year 13: 'The aeroplane made a careful landing in the space which 
had been prepared for it'. 

• Average adult: 'The red-headed woodpeckers made a terrible fuss 
as they tried to drive the young away from the nest.' 



• Superior adult: 'At the end of the week the newspaper published a 
complete account of the experiences of the great explorer.' 

If suspicion of impairment has arisen, test the number of repetitions 
necessary for accurate reproduction of the eponymous Babcock sen- 
tences: 'One thing a nation must have to become rich and great is a 
large secure supply of wood' or 'The clouds hung low in the valley and 
the wind howled among the trees as the men went on through the 
rain'. Three repetitions of either of these sentences should allow word- 
perfect reproduction in a patient of average intelligence. 

A technique similar to that of Irving etal.( 1970) may be useful with 
patients of limited ability or when it is hard to be sure of cooperation. 
The patient is told he will be given the name of a flower and asked to 
repeat it ('The flower is - a daffodil - please repeat daffodil'), then a 
colour ('The colour is - blue - please repeat blue'), then a town ('The 
town is - Brighton'), and so on. The list may continue with makes of 
car, days of week, etc., until some six or ten items have been given 
according to the patient's ability. Recall is tested 3-5 minutes later, 
first without prompting, then if necessary after giving each 
category name. This provides the opportunity for testing free recall 
and cued recall separately, and will sometimes demonstrate good 
learning ability when other techniques have failed. Perseveration is 
sometimes clearly displayed on the test, likewise confabulatory 
tendencies. 

Other aspects of memory assessment are necessarily largely 
subjective. Discrepancies may already have emerged be- 
tween the patient's account of his illness and that given by 
informants. Pay special attention to memory for recent happen- 
ings and in particular for the temporal sequence of recent events. 
The circumstances surrounding the patient's admission to 
hospital and happenings in the ward thereafter should be 
briefly reviewed, since these are matters about which the 
examiner will have independent knowledge. 

Retrieval from the remote past is more difficult to evalu- 
ate, but an attempt should be made to judge the adequacy of 
the patient's account of his earlier life, and to examine this for 
evidence of gaps or inconsistencies. Care must be taken in 
doubtful cases to frame questions in such a way that memory 
for the past is truly tested. Thus the question 'How old were 
you when you started school?' can produce an easy habitual 
response and secure a correct reply, whereas 'Can you 
describe your first day at school?' requires the mobilisation 
of actual memories. 

Record any selective impairments of memory which become 
apparent in the interview for special hidden ts, periods or themes 
in the patient's life. Retrograde and anterograde amnesia must 
be specified in detail in relation to head injury or epileptic 
phenomena. Describe any evidence of confabulation or false 
memories. Note the patient's attitude to any memory difficul- 
ties which he displays. 

General information 

A brief estimate should be made of the patient's knowl- 
edge of current events, and of his ability to handle mate- 
rial from his long-term memory store (utilisation of old 
knowledge). 
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Ask about recent items of interest in the news, political, sporting or 
otherwise, in accordance with the patient's known interests and activ- 
ities. Ask him to name key personalities: members of the Royal Family, 
prime ministers, members of the cabinet or well-known television 
performers. (Clearly such questions will only need to be pursued 
when reason has emerged to doubt the patient's competence.) In 
patients who disclaim any interest in political or sporting events, tele- 
vision soap operas can provide a useful vehicle for assessment, pro- 
viding of course that the examiner is adequately informed about them! 
Surprisingly detailed knowledge maybe forthcoming in patients who 
appear to be severely impaired. 

Ask for the dates of the first and second world wars, and test for 
knowledge of capitals and countries. In the face of poor responses 
pursue the patient's general knowledge further by asking for names of 
cities in England, rivers, etc. 

If reason has emerged to suspect a disturbance of abstract thinking, 
ask the patient to explain the difference between concepts such as 
'child' and 'dwarf', 'poverty' and 'misery', 'river' and 'canal', 'lie' and 
'mistake', and test ability to give the meaning behind well-known 
proverbs. 

Intelligence 

The patient's educational and occupational history, taken in 
conjunction with his own interests and activities, should 
allow a rough estimate to be made of the expected level of 
intelligence. Any aspects of performance during testing which are 
at variance with this should be carefully noted. 

Orientation for time and place is closely bound up with 
current memorising ability and with clarity and coherence of 
thought. The tests of orientation as described above are nev- 
ertheless very useful, and have repeatedly emerged as 
among the most discriminating features in the mental state 
examination for distinguishing between organic and non- 
organic psychiatric disorders. Attention is not a clearly 
defined concept and overlaps with functions described as 
alertness, awareness and responsiveness. It is nonetheless 
widely accepted as a clinically useful concept, with particu- 
lar relevance to general mental acuity and minor impairment 
of consciousness. Concentration is a similarly imprecise 
term, referring to capacity for focusing and sustaining mental 
activity on the task in hand. Both stand to be markedly 
affected by preoccupations or abnormalities of mood, and 
can therefore be disturbed in many forms of psychiatric 
illness. Equally, however, they can give important indica- 
tions of clouding of consciousness or general intellectual 
impairment. It will be noted that simple tests of arithmetic 
form an integral part of the tests for attention and concentra- 
tion, and this in itself can be valuable in revealing marked 
defects in numerical ability. The digit repetition test is 
included in this section, rather than in the assessment of 
memory, since it is well established that the immediate 
memory span is usually normal in amnesic subjects. 

The assessment of memory is of the utmost importance, 
since memory failure is a particularly sensitive indicator of 



cerebral dysfunction. It is here that the most decisive evi- 
dence of an organic component in the illness will often be 
obtained. Fortunately for clinical practice, the aspect of 
memory that is most amenable to careful testing is also the 
aspect most vulnerable to cerebral dysfunction, namely the 
capacity for acquiring and retaining new information. 

The section on general information extends the evaluation 
of memory, and at the same time brings added information 
against which to j udge the likelihood of generalised intellec- 
tual impairment. 

Mini-Mental State Examination 

The Mini-Mental State Examination (MMSE) was elaborated 
by Folsteinef al. (1975) as a simplified form of the routine cog- 
nitive status examination. It has the virtue of brevity, taking 
only 5-10 minutes to administer, yet test-retest reliability is 
high and it has been shown to discriminate well between 
patients with dementia and delirium (Anthony et al. 1982). 
The MMSE is widely used and provides a rough and ready 
index of cognitive functioning and can be used to track 
improvements and deterioration. 

The first section covers orientation, memory and attention. Memory is 
tested by noting the number of trials required to learn three object 
names, then testing recall later. Attention is assessed by the serial sub- 
traction of sevens or by spelling a word backwards. The second section 
tests ability to name common objects, follow verbal and written com- 
mands, write a sentence spontaneously and copy a simple figure 
(overlapping pentagons). The total score obtainable is 30, scores of less 
than 24 usually being indicative of cognitive impairment. 

There are limitations to the MMSE, such as the relative 
paucity of memory and general knowledge items and those 
which tap into frontal-executive functions. 

Extended cognitive state examination 

The examination described above is adequate for routine 
psychiatric practice. The abnormalities that emerge will need 
to be evaluated against the total picture presented by the 
patient: sometimes they will raise the possibility of organic 
cerebral disorder, but quite often they will be attributable 
to factors such as low intelligence, emotional disturbance 
or psychotic thought disorder. More latitude will then be 
allowed for failure. However, when they raise a strong suspi- 
cion of organic psychiatric illness, more thoroughgoing eval- 
uation will be required. 

Some points of caution must be observed before embark- 
ing on the extended cognitive state examination. 

1 The examination can be lengthy and fatigue may produce 
misleading results; the procedures should not be hurried, 
and several brief sessions are usually preferable to a single 
long drawn-out examination. 

2 The examiner must remain sensitive to the patient's reac- 
tions to failure. Aparticular test must sometimes be set aside 
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for a while in the interests of sustaining cooperation; tests 
which are pressed too firmly may provoke 'catastrophic' 
reactions or bewilder the patient to the point where useful 
information is no longer obtained. 

3 The tests must be adapted to the patient's intelligence and 
educational level, and to his particular difficulties. 

4 It is essential to remain aware that one disability may have 
repercussions on performance at other tasks. Defective com- 
prehension, for example, will cloud the issue when it comes 
to testing for dyspraxia. Allowance will need to be made for 
this in the selection of the tests, the order of their administra- 
tion and the assessment of results. 

Consequently, it is helpful to have a simple routine at the 
outset which allows the key area of function to be assessed in 
an abbreviated fashion, before proceeding to lengthier parts 
of the examination (Box 3.2). 

A somewhat more systematic expansion of the MMSE 
has been proposed and this also serves as a bridge between 
initial assessment and formal neuropsychological assess- 
ment or between an extended clinical neuropsychiatric eval- 
uation. The Addenbrooke's Cognitive Examination (ACE) 
(Mathuranath et al. 2000) takes about 20 minutes to adminis- 
ter. It consists of six components evaluating separate cogni- 
tive domains. Amaximum score of 100 is weighted as follows: 
orientation (10), attention (8), memory (35), verbal fluency 
(14), language (28), and visuospatial ability (5). The orienta- 
tion and attention components are as in the MMSE. The 
memory section involves the recall of three items from the 
MMSE, a name and address learning and delayed recall test, 
plus semantic memory. The language component includes 
naming 12 line drawings, comprehension, repeating words 
and sentences, reading regular and irregular words, and 
writing. Visuospatial testing consists of copying overlap- 
ping pentagons (from the MMSE) plus a wire cube, and 
drawing a clock face. Verbal fluency consists of 'P' words and 
animals and requires separate scoring. The ACE has good 
sensitivity and specificity and appears to be able to distin- 



guish between 'functional' and 'organic' disorders reasona- 
bly well (Fig. 3.1) (Dudas et al. 2005). A cut-off of 88 has been 
proposed for screening purposes. 

Even after this fairly comprehensive screening, individual 
areas of cognitive function must be systematically explored, 
with the aim of covering each of the sections described 
below. Those which require most careful assessment in the 
particular patient will by now be apparent since attention 
will have been directed towards them by the history, the 
neurological examination and the cognitive deficits already 
displayed. 



Box 3.2 Initial assessment of cognitive function 

1 Take careful note of the patient's level of cooperation: his 
willingness to apply himself to the test procedures will be 
fundamental to the amount of reliable information that can 
be obtained 

2 Make a preliminary assessment of the level of conscious 
awareness: this must have an early priority since performance 
on all other tests may be affected by minor degrees of clouding 
of consciousness 

3 Next assess language functions: much of what follows will 
depend on the accuracy of verbal communication. In addition 
to noting verbal ability, ask the patient to name a series of 
objects and to perform a series of simple commands 

4 Memory functions, if not already tested, should be briefly 
examined as already described 

5 Visuospatial ability should always be screened because non- 
verbal deficits of this nature may otherwise remain concealed. 
Ask the patient to copy simple designs (such as those in 
Visuospatial and constructional difficulties, later in chapter). 

6 Test the integrity of volitional movements and at the same time 
of right-left orientation by asking the patient to point to various 
parts of the body. For example, 'Touch your left ear with your 
left hand', 'Touch your left knee with your right hand'. 



Fig. 3.1 Scatterplot of total scores in 
various diagnostic groups using 
Addenbrooke's Cognitive Examination 
(ACE). Reference line is a score of 88, the 
recommended cut-off score on the ACE for 
screening purposes. (From Dudas etal. 
2005 with permission.) 
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Level of conscious awareness 

Impairment of consciousness is obvious when there is frank 
drowsiness or somnolence during examination. It is the 
detection of minor degrees of impairment that causes diffi- 
culties. There are no pathognomonic signs or tests for minor 
impairment of consciousness, and its detection is largely a 
matter for subjective clinical judgement based on a variety of 
clues. 

Record any obvious impairment in the form of drowsiness or dimin- 
ished awareness of the environment. Note fluctuations during exami- 
nation, and question relatives or nursing staff about changes which 
occur from time to time during the day. Impairment may only become 
obvious towards nightfall or when the patient is fatigued. 

Minor impairment will be suspected when the patient is dull, inert 
and uncertain in behaviour even though he is not drowsy, or when 
responses to external events are diminished. There may be a vague- 
ness and hesitancy about the manner of speaking. Once the examiner 
suspects a reduction in the level of consciousness it can be helpful to 
repeat questions concerning dates and names of places, with the object 
of seeing whether consistent answers are given. Tests of orientation, 
attention, concentration and memory may be poorly performed, often 
with variability from one occasion to another. Judgement of the 
passage of time will often be markedly inaccurate. Attention will 
usually be ill sustained and ill focused, and the patient may tend to 
lose the thread in conversation. Lucid intervals may emerge from time 
to time and form a marked contrast to the general tenor of behaviour. 
Even when seemingly alert it may be discovered that the patient has 
failed to register on-going experiences, including those of the inter- 
view itself. 

Simple procedures may be employed to assess capacity for sus- 
tained attention or 'vigilance' over a period of time. The patient may 
be asked, for example, to raise his hand whenever an 'A' is spoken, and 
a series of letters are then delivered in an even tone and at a constant 
rate. A more difficult version consists of raising the hand whenever 
any vowel is spoken, or whenever two vowels succeed one another. A 
written form of the test can easily be made by asking the patient to 
cancel all letters of a designated type on a printed sheet or in a passage 
of prose material. 

If somnolent, can the patient be roused to full or only partial aware- 
ness? If his attention cannot be sustained, does he drift back towards 
sleep or does his attention wander onto other topics? When conscious- 
ness is severely impaired describe the nature of the stimulus required 
to evoke a response (e.g. conversation, firm commands, commands 
following arousal by shaking, painful stimuli) and the character of the 
response produced (e.g. a correct verbal reply or motor act, an incor- 
rect and muddled response, failure to respond to commands but accu- 
rate localisation of a painful stimulus, ill-coordinated and ineffectual 
motor movements). The Glasgow Coma Scale (see Chapter 4, under 
Measuring head injury severity) will prove of value for monitoring 
progress in patients with seriously impaired consciousness. 

Evidence for delirium, stupor or coma should be specified in detail. 

Language functions 

Language functions are conveniently examined under the 
six headings described below. Thorough examination of 
dysphasic disturbances can take considerable time, but in 



the non-dysphasic subject screening need last only a few 
minutes. At the onset it is important to note whether the 
patient is predominantly right- or left-handed. 

Motor aspects of speech 

Note the quality of spontaneous speech and that in reply to questions. 
Minor expressive speech defects may only emerge when the patient is 
pressed to engage in conversation, to describe his work, his house, or 
some event in his life. 

Is there any disturbance of articulation (dysarthria)? When slight 
dysarthria is suspected test ability to pronounce a phrase such as 'West 
Register Street'. 

Is there slowness or hesitancy with speech production and is the 
output sparse? Conversely, is the output excessive with a definite 
pressure of speech (logorrhoea)? 

Does he use wrong words, words which are nearly but not exactly 
correct, or words that do not exist? Paraphasic errors may be defined as 
'substitutions within language' (Benson & Geschwind 1971) and exist 
in several forms; they may involve the substitution of one correct word 
for another, the distortion of one syllable within a word, or the produc- 
tion of a group of sounds with no specific meaning (neologisms) . 

Note whether words are omitted and sentences abbreviated (tele- 
gram style) . Are there inaccuracies of grammatical construction (para- 
gramma tisms) ? Is the normal rhythm and inflexion of speech disturbed 
(dysprosody)? Is speech totally disorganised and incomprehensible 
(jargon aphasia)? 

Observe carefully for perseverative errors of speech (see Chapter 2, 
Broca's aphasia, and Verbal fluency, later in chapter), also for reitera- 
tion of phrases just spoken (echolalia), of single words (pallilalia) or of 
a terminal syllable (logoclonia). 

When defects are found, test whether automatic speech or the 
naming of serials is better preserved than conversational speech: ask 
him to repeat a well-known nursery rhyme or prayer, to count to 20, or 
to give the days of the week. Are emotional utterances or ejaculations 
preserved when formal speech is defective? 

From the phenomenological point of view, Benson and Geschwind 
(1971) recommend a basic division into fluent and non-fluent forms of 
dysphasic speech, the former characterising posterior lesions and the 
latter anterior lesions. Fluent aphasias generally show clear articula- 
tion, the words are produced without effort, output is normal or exces- 
sive, paraphasic errors are frequent, phrase length is not curtailed, and 
normal rhythm and inflexion are preserved. Non-fluent aphasias 
show poor articulation, the speech is produced with obvious diffi- 
culty, output is sparse but nonetheless the content is meaningful when 
this can be discerned, phrase length is reduced to one or two words, 
and the rhythm and inflexion are disturbed. 

Comprehension of speech 

The understanding of speech must be separately assessed, whether or 
not production is defective. Even when the patient ismuteorhis utter- 
ances totally incomprehensible it is still necessary to determine 
whether he can understand what is said to him. 

Can he point correctly on command to objects around him? Can he 
carry out simple orders on request, for example pick up an object, 
show his tongue? Failure can be misleading since it may be due to dys- 
praxia; thus if commands are not carried out, test whether he can signal 
his response to simple yes-no questions. 

Can he respond to more complex instructions, for example walk 
over to the door and come back again, or take his spectacles from his 
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pocket and put them on the table. Can he follow a series of commands 
sequentially, for example go to the window, tap it twice, turn around, 
then come back again. 

Marie's Three Paper Test is widely employed for the rapid 
assessment of mild comprehension defects. Three pieces of paper 
of different sizes are put before the patient. He is told to take the 
largest and hand it to the examiner, take the smallest and throw it 
to the ground, and take the middle-sized piece and put it in his 
pocket. 

The understanding of prepositional and syntactic aspects of speech 
can be a sensitive indicator of minor comprehension difficulties. It is 
readily tested by providing the patient with three objects such as a 
book, pen and coin, then issuing increasingly complex instructions as 
follows: 'Put the coin on the book; put the coin and the pen under the 
book; tap the book and then the coin with the pen; put the book between 
the pen and the coin; place the book over the coin then put the pen 
inside it', and so on. 

If comprehension of spoken speech is defective, test whether under- 
standing of written words and instructions is better preserved. Test 
whether other hearing functions are intact, for example the startle 
response to sudden noise. Test for auditory agnosia by noting whether 
the patient can recognise non-verbal noises (clapping hands, snap- 
ping fingers, jingling money) or copy the production of such sounds 
when they are made outside the field of vision. 

Repetition of speech 

Can the patient repeat digits, words, short phrases or sentences exactly 
as you give them? The classic phrase for testing repetition is 'No ifs, 
ands or buts'. Successful repetition involves both motor and sensory 
parts of the speech apparatus and also the connections between the 
two. Failure in repetition may occur despite adequate spontaneous 
articulation and good comprehension. Paraphasic errors often emerge 
most clearly in the testing of repetition. 

Word finding 

Does the patient have difficulty in finding words during conversation, 
or use circumlocutions? Test specifically for nominal aphasia by asking 
him to name both common and uncommon objects (for example the 
parts of a wrist watch, and other objects in the room). Include an exam- 
ination of his ability to name colours. 

Nominal aphasia may be the only language disturbance in patients 
with cerebral damage and must therefore always be tested with care. 
Ease of word finding is inversely related to the frequency of occur- 
rence of the word in the language, and the detection of slight nominal 
aphasia requires testing with objects whose names occur relatively 
infrequently such as 'buckle', 'pointer' or 'dial', but not 'watch' or 
'strap'; 'lapel' or 'knuckle', but not 'button' or 'finger'; 'radiator' or 
'linoleum', but not 'picture' or 'carpet' . 

Reading 

Present the patient with the written names of objects in the room and 
ask him to point to them. If this is performed correctly, present him 
with written instructions to perform specific actions. 

Test his ability to read aloud, and determine whether he under- 
stands what he has read. If the patient fails to read aloud it is still neces- 
sary to assess whether he has read, since some aphasics comprehend 
well even though they fail to read aloud. 



Writing 

Test ability to write spontaneously and to dictation. Examine written 
productions for substitutions, perseverations, spelling errors and 
letter reversals. Is copying better preserved than writing to dictation? 
Is spelling out loud better preserved than spelling on paper? Is the 
writing of habitual material (signature, address) relatively intact? Are 
numbers written more accurately than words or letters? 

The main syndromes of language impairment can be distin- 
guished by the pattern of breakdown in the above examina- 
tion. Table 3.2 summarises performance on the different tests 
of language function in relation to the syndromes of aphasia 
described in the chapter on neuropsychology. 

Verbal fluency 

Verbal fluency must be separately assessed, even when there 
is no other form of language disturbance, since fluency is 
characteristically impaired with frontal lesions. 

A simple technique is to ask the patient to give as many words as he can 
think of beginning with a certain letter of the alphabet, for example 1 
minute for words beginning with F, then 1 minute for A and 1 minute 
for S (letter or phonological fluency). The total achieved on this 'FAS' 
test should be in excess of 30. Norms are available in relation to the 
patient's age and educational level (see Lezak 1995) . Alternatively, the 
patient may be asked to give the names of animals or the names of 
objects found in a kitchen (semantic fluency). 

The number of words accomplished will often be strikingly 
low even though there is no evidence of dysphasia. This 
accords with the impoverishment of spontaneous speech 
that may be observed with frontal lesions. It can be necessary 
to allow the patient a full minute over his attempts at each 
category, since words may be rapidly produced initially then 
tail off in noteworthy fashion. Frequent perseverations and 
out of category items are a distinctly 'frontal' feature. The 
effect is more pronounced with left frontal lesions than right. 
Most individuals will produce more animals than F, A or S 
words, although patients with loss of semantic knowledge 
(e.g. Alzheimer's disease or frontotemporal dementia) may 
show a reverse pattern. Corresponding deficits can also be 
demonstrated on a design fluency test, but in this case 
the task is more affected by right frontal lesions than left 
(Jones-Gotman & Milner 1977). 

Numberfunctions 

Test the patient's ability to perform simple arithmetical operations - 
addition, subtraction, multiplication, division - in relation to his edu- 
cational and occupational background. Assess his ability to handle 
money correctly. 

Can he count objects and make a rough estimate of the number of 
matches laid before him? Can he give the average size and weight of a 
man? Can he estimate the size of various objects in the room? 

Test his ability to read and write numbers of two and more digits. 
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Table 3.2 Performance on tests of language function in different varieties of dysphasia. (After Benson & Geschwind 1 971 .) 





Spontaneous 

speech 


Comprehension 


Repetition 


Naming 


Reading 


Writing 


Pure word-deafness 


F 


- 


- 


+ 


+ 


+ (not to dictation) 


Pure word-blindness (alexia without 
agraphia) 


F 


+ 


+ 


+ 


- 


+ 


Pure word-dumbness 


NF 


+ 


- 


± 


+ 


+ 


Pure agraphia (agraphia without alexia) 


F 


+ 


+ 


+ 


+ 


- 


Primary sensory (Wernicke's) dysphasia 


F 


- 


- 


± 


- 


- 


Primary motor (Broca's) dysphasia 


NF 


± 


- 


± 


Aloud - 
Compr± 


- 


Nominal dysphasia 


F 


+ 


+ 


- 


± 


± 


Conduction dysphasia 


F 


+ 


- 


± 


Aloud - 
Compr + 


- 


Isolation syndrome 


NF 


- 


+ 


- 


- 


- 


Transcortical motor dysphasia 


NF 


+ 


± 


- 


Aloud - 
Compr + 


- 


Transcortical sensory dysphasia 


F 


- 


+ 


- 


- 


- 


Alexia with agraphia (visual asymbolia) 


F 


+ 


+ 


+ 


- 


- 



Compr, comprehension; F, fluentspeech productions; NF, non-fluent speech productions. 



Memory 

Full examination of memory will always be required along 
the lines already set out in Chapter 2 (Disorders of memory). 
Special attention should be directed at recent memory and 
new learning ability. 

Aconvenient and sensitive method for supplementing the assessment 
of new learning ability consists of testing the patient's capacity for 
learning supra-span lists of digits (Drachman & Arbit 1966; 
Warrington 1970). The normal digit span is first determined (as in 
Memory, earlier in chapter), then ability to extend the list by one or 
two items is assessed by repeated presentations. Amnesic subjects can 
perform adequately on the straightforward digit span test, but show a 
dramatic breakdown in performance as soon as this is exceeded. 

Simple paired-associate learning may also be tested, as outlined in 
Memory. 

Non-verbal memory should be tested in addition to verbal memory 
by asking the patient to reproduce simple geometrical figures (such as 
those shown in the next section) after an interval of 5 minutes. 

Visuospatial and constructional difficulties 

Patients with visuospatial agnosia may make no complaints, 
thus failing to direct attention towards the problem. It is 
important therefore to include tests which betray such diffi- 
culties when a cerebral lesion is suspected. 

Test the patient's ability to judge the relation between objects in space: 
to estimate distances, to say which of two objects is nearer to him, and 
which is larger. Can he with eyes closed indicate the spatial order of 
objects in the room around him? 



Visuospatial agnosia is often associated with constructional 
dyspraxia and the distinction between the two defects is 
usually far from clear-cut (see Chapter 2, Visual object 
agnosia). Constructional dyspraxia is tested as follows. 

Test ability to connect two dots by a straight line, and to find the middle 
of a straight line and of a circle. Test ability to draw simple figures such 
as a square, circle and triangle. Ask the patient to copy a series of line 
drawings of increasing complexity such as those shown below. 




The test may be made more difficult by removing the model and 
asking the patient to draw the figure from immediate memory. Ask 
him to draw a house, a bicycle, a clock face and set the hands, and to 
indicate the principal towns on a rough map of England. Note particu- 
larly whether he shows neglect of one half of visual space or crowds 
material into one part of the paper. Test ability to construct simple 
figures when presented with sticks or matches. Can he construct a tri- 
angle and a square, or copy more complex designs? Can the patient 
assemble a simple jig-saw puzzle, or reassemble a piece of paper that 
has been cut into several fragments? 

The copying of a range of geometrical figures has the virtue 
of being graded in difficulty and of providing a permanent 



Clinical Assessment | 115 



record. Most normal subjects will succeed in copying at 
least the first four of the test figures illustrated earlier in this 
section. Free drawing of a house or bicycle has the advan- 
tage of being more natural and also more difficult. It often 
reveals more subtle forms of defect, but can be hard to inter- 
pret since normal individuals vary considerably in drawing 
skill. Sometimes highly characteristic defects may emerge, 
as when windows are placed in the roof or outside the main 
body of the building. The drawing of a clock is particularly 
useful in showing how accurately the figures can be spaced 
around the dial, or in revealing unilateral neglect of space 
by the omission of figures from one half of the dial. The use 
of sticks and other materials for constructional tasks gives 



the opportunity to observe the patient's capacity to improve 
his performance and to alter mistakes. Similarly a standard- 
ised version of clock drawing (CLOX; see Fig. 3.2) enhances 
the reliability of the test and enables the comparison of per- 
formance to instruction versus copying. Only the former 
relates to specific cognitive impairment and executive func- 
tion deficits. 

Other agnosic disturbances 

Other forms of agnosia are very rare. Before concluding that 
agnosia is present it is essential to try to exclude impairments 
of primary perception as the cause of failure on a test (such 
as impaired visual acuity, field defects or deafness). Firm 




Fig. 3.2 Qualitative differences in CLOX 
performance in (a) a normal elderly 
control, (b) a patient with Alzheimer's 
disease and (c) a patient with non-cortical 
vascular disease, (a) An 82-year-old elderly 
control: EXIT25 score 8/50 (score greater 
than 5/50 indicates impairment); MMSE 
score 29/30. (b) A 74-year-old married 
white woman with Alzheimer's disease: 
EXIT25 score 21/50 (score of 24/50 is 
comparable with 6-year-old child or 
residents requiring skilled nursing); MMSE 
score 1 2/30. (c) A 74-year-old right- 
handed white man with a history of 
coronary artery disease (status post 
myocardial infarction), hypertension, non- 
insulin-dependent diabetes mellitus, and 
falls: EXIT22 score 24/50; MMSE score 
28/30. (From Royall et al. 1 998 with 
permission.) 




Unprompted 



Copy 



Pentagons 




116 | Chapter 3 



indications of an agnosic problem will often be obtained by 
finding that an object which cannot be identified through 
one sensory modality is immediately identified through 
another. 

Can the patient describe what he sees and identify objects and persons? 
Ask him to name a particular object in a group exposed to view and to 
describe its use, or if aphasic to indicate its use ( visual object agnosia). If 
he fails, test whether he can identify the object by other senses such as 
touch. Ask him to name the colours of objects, to indicate their colour 
on a chart and to group objects according to their colour (colour agnosia) . 
Ask him to describe a meaningful situation in a picture shown to him 
( simultanagnosia ). Is his recognition of faces defective ( prosopagnosia )? 
Ask him to point out a named person known to him among a group or 
to name photographs of relatives or of well-known public figures. 

Auditory agnosia will already have been assessed (see under compre- 
hension of speech. Chapter 2). 

Tactile agnosia is tested by asking the patient to identify objects by 
touch with the eyes closed. Each hand must be tested separately. Care 
must be taken that other sensory information (such as the rattle of 
money) does not give the necessary clue for identification. Ask him to 
name the objects and to describe their shape, texture and use. In the 
event of failure, test whether the objects can then be identified by 
vision. If dysphasic, his responses must be assessed by testing selec- 
tion from a group of objects exposed to view. 

Dyspraxia and related disturbances 

Before diagnosing dyspraxia it is essential to make sure that 
the patient's difficulties cannot be explained on the basis of 
muscular weakness, incoordination or profound sensory 
disturbance. Many dyspraxic patients are also dysphasic, so 
care must be taken to check whether instructions are under- 
stood. To prove the existence of dyspraxia it is necessary to 
show that a movement not made under one set of conditions 
(e.g. on command) can be performed under others (e.g. 
spontaneously), or that movements of equal or greater com- 
plexity can be made under other circumstances. It is also nec- 
essary to exclude simple unwillingness to cooperate. Because 
of the complexities of this area of dysfunction it is advisable 
in all cases to make a careful note of what the patient does, 
how he does it and what he fails to do (Critchley 1953). The 
examination should test the integrity of learned movements 
both to command and to imitation. It must also encompass 
the capacity for making familiar gestures, and for using 
objects in pantomime and in reality. 

Test the patient's ability to carry out purposeful movements to 
command, such as holding out the arms, crossing legs, showing teeth, 
screwing up eyes or nodding the head. Test each hand separately for 
making a fist, opposition of thumb and little finger, pronation and 
supination (ideomotor dyspraxia). 

Test ability to rise from a chair on command and to turn around 
(whole body dyspraxia). 

Test ability to imitate postures of the hand and arm demonstrated 
by the examiner, and to adopt with one limb the posture imposed on 
the other. 



Test expressive and make-believe movements such as knocking at a 
door or waving goodbye. Ask the patient to demonstrate how he 
would brush his teeth, use a hammer or kick a ball. 

Test the patient's ability to carry out complex coordinated sequences 
of movements, such as taking a match from a box and striking it, 
winding a watch, cutting with scissors, or folding a piece of paper and 
putting it in an envelope (ideational dyspraxia). 

Does the patient show undue difficulty with dressing and undress- 
ing, get muddled when inserting limbs into clothing, or try to put gar- 
ments on the wrong way round (dressing dyspraxia )? 

Tests of frontal lobe function 

When frontal damage is suspected certain tests are specially 
indicated. Many of these tap 'executive functions' in that 
they examine the initiation, planning and regulation of goal- 
directed behaviours. Others assess capacities for abstract 
thinking, categorisation or judgement. Only some are suita- 
ble for bedside examination, which will therefore often need 
to be supplemented by neuropsychological tests as described 
in Chapter 2 [under Executive (frontal lobe) syndromes]. 
These have been helpfully combined and validated in the 
form of the Frontal Assessment Battery (FAB) (Box 3.3) 
(Dubois et al. 2000). It includes simple items on conceptual 
similarity; verbal fluency; Luria's motor tests; tests of alter- 
nating movements and response inhibition; and utilisation 
behaviour. Table 3.3 shows the comparative scores on the 
MMSE, a dementia rating scale and the FAB in groups 
of patients with a variety of neuropsychiatric conditions 
associated with executive function deficits, including 
Parkinson's disease, progressive supranuclear palsy, fronto- 
temporal dementia, and corticobasal degeneration. The FAB 
is better able to distinguish the groups from controls than the 
MMSE. Another useful instrument designed to be incorpo- 
rated into a clinical assessment is the Executive Interview 
(EXIT25) (Royall et al. 1992) According to the authors, it 
defines the behavioural sequelae of executive dyscontrol 
and provides a standardised clinical encounter in which they 
can be observed. 

Other bedside tests include the Cognitive Estimates Test (see 
Cognitive Estimates Test, later in chapter), which assesses 
the patient's capacity for making realistic practical judge- 
ments of size and number. 

Ask, for example, 'What is the largest object normally found in a 
house? What is the best paid job in Britain today? How fast do race- 
horses gallop? What it the length of the average man's spine?' 

The idea is that a cognitively intact person would be able to 
answer these questions through reflection and common 
sense. Pathological responses are those that are way outside 
the limits of a reasonable guess. So in the question about a 
man's spine, a correct answer would obviously be somewhat 
less than the average height of a man but more than a couple 
of feet. 

Behavioral observations can be equally important in point- 
ing to frontal dysfunction. Note whether the patient is 
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Box 3.3 Content, instructions and scoring of the Frontal Assessment Battery (FAB) 

1 Similarities (conceptualisation) 

'In what way are they alike?' 

A banana and an orange 
A table and a chair 
A tulip, a rose and a daisy 

Score 

Only category responses (fruits, furniture, flowers) are considered correct. 

Three correct: 3 
Two correct: 2 
One correct: 1 
None correct: 0 

2 Lexical fluency (mental flexibility) 

'Say as many words as you can beginning with the letters, any words except surnames or proper nouns.' 

The time allowed is 60 seconds. 

Score 

Word repetitions or variations (shoe, shoemaker), surnames or proper nouns are not counted as correct responses. 

More than nine words: 3 
Six to nine words: 2 
Three to five words: 1 
Less than three words: 0 

3 Motor series (programming) 

'Look carefully at what I'm doing.' 

The examiner, seated in front of the patient, performs alone three times with his left hand the series of Luria (1 966): fist-edge-palm. 'Now, 
with your right hand do the same series, first with me, then alone.' The examiner performs the series three times with the patient, then says 
to him 'Now, do it on your own.' 

Score 

Patient performs six correct consecutive series alone: 3 

Patient performs at least three correct consecutive series alone: 2 

Patient fails alone, but performs three correct consecutive series with the examiner: 1 

Patient cannot perform three correct consecutive series even with the examiner: 0 

4 Conflicting instructions (sensitivity to interference) 

'Tap twice when I tap once.' 

To be sure that the patient has understood the instruction, a series of three trials is run: 1 -1 -1 . 

'Tap once when I tap twice.' 

To be sure that the patient has understood the instruction, a series of three trials is run: 2-2-2. 

The examiner then performs the following series: 1 -1-2-1 -2-2-2-1 -1 -2. 

Score 

No error: 3 

One or two errors: 2 

More than two errors: 1 

Patient taps like the examiner at leastfour consecutive times: 0 

5 Co-no go (inhibitory control) 

'Tap once when I tap once.' 

To be sure that the patient has understood the instruction, a series of three trials is run: 1 -1 -1 . 

'Do not tap when I tap twice.' To be sure that the patient has understood the instruction, a series of three trials is run: 2-2-2. 

The examiner then performs the following series: 1 -1-2-1 -2-2-2-1 -1 -2. 



(continued) 
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Score 

No error: 3 

One or two errors: 2 

More than two errors: 1 

Patient taps like the examiner at least four consecutive times: 0 

6 Prehension behavior ('utilisation') (Lhermitte 1 983; Lhermitte et at. 1 986) 

'Do not take my hands.' 

The examiner is seated in front of the patient. Place the patient's hands palm up on his knees. Without saying anything or looking at the 
patient, the examiner brings his or her hands close to the patient's hands and touches the palms of both the patient's hands, to see if he will 
spontaneously take them. If the patient takes the hands, the examiner will try again after asking him 'Now, do not take my hands.' 

Score 

Patient does not take the examiner's hands: 3 
Patient hesitates and asks what he has to do: 2 
Patient takes the hands without hesitation: 1 

Patient takes the examiner's hand even after he has been told not to do so: 0 



apathetic, disinhibited, unkempt or lacking in normal social 
graces. 

Topographical sense and right-left orientation 

Does the patient have difficulty in finding his way about the ward 
(topographical disorientation)? Does he confuse his bed with other 
people's? Can he describe the relations between parts of the ward or of 
his own house? Can he describe the route from home to hospital? If 
necessary test his ability to follow a simple route in the ward or 
hospital. 

Can the patient point on command to objects around him on the 
right and on the left? Ask him to move on command right and left parts 
of the body, and to point to individual parts on the right and left side of 
his own body, and of the examiner sitting opposite him. Can he 
perform complex instructions like 'touch your right ear with your left 
hand' or 'pick up the left hand coin with your left hand and place it in 
my right hand'? 

Body image disturbances 

Body image disturbances will often be revealed by the 
patient's behaviour or his own subjective complaints, but 



sometimes special tests or questions will be required to elicit 
them. Asking the patient to make a rough drawing of a 
man will sometimes give the first indication of body image 
disorder (Cohn 1960). 

Test for finger agnosia. Ask the patient to move on command or point to 
individual fingers, his own and the examiner's. Kinsbourne and 
Warrington (1962) describe various tests which have proved to be 
more sensitive indicators of finger agnosia than the conventional tests . 
In one such, two of the patient's fingers are touched simultaneously 
and he is asked to state how many fingers lie between them. 

Test for disturbance of identification of other body parts (auto- 
topagnosia). Ask the patient to move on command and to name various 
parts of his body, to point to them and to parts of the examiner's 
body. 

Note any evidence of unilateral unawareness or neglect of the body. 
When present this will usually involve the left side. Does the patient 
utilise the left hand normally in bimanual activities? Is the left side 
of the body relatively neglected in washing, combing or dressing? 
When attention is drawn to such defects does he recognise them and 
correct them? 



Table 3.3 Comparative scores on the Mini-Mental State Examination (MMSE), Dementia Rating Scale (DRS) (Mattis 1 988) and Frontal 
Assessment Battery (FAB): study group characteristics. (From Dubois etal. 2000 with permission.) 



Population 


N 


Age (years) 


MMSE 


Mattis DRS 


FAB 


Controls 


42 


58.0 ± 1 4.4 a 


28.9±0.8 a 


141 .0±2.4 a 


1 7.3±0.8 a 


Patients 


121 


64.4±9.3 a 


25.5 ±4. 8 a 


1 1 8.0 ± 1 9.1 a 


1 0.3 ±4. 7 a 


PD 


24 


59.4 ± 1 2.9 C '9 


28.0 ± 1 ,9'1 


134.0±15.2 c -a> 


is^is.s^ 


MSA 


6 


65.0 ±10.5 


25.7±3.9i 


1 27.0 ± 1 6.2 e 


1 3.5 ±4.0 e,f 


CBD 


21 


67.4 ± 8.1 b - c 


26.4 ± 3. 8 b 


1 23.7 ± 1 5.0 b - e 


1 1 ,0± 3.7 b,e ' d 


PSP 


47 


66.9±7.09- h 


26.2 ± 3. 7 h 


1 1 7.7 ± 1 5.29- h 


8.5 ± 3.4 d ' f -9 


FTD 


23 


60.3±8.5 b - h 


20.7 ±6.3 b ' h '‘ 


1 01 .5 ±20.0 b ' e ' h -' 


7.7±4.2 b ' e ' i 



Values are presented as mean ± SD. Significantly different at P< 0.05 for Controls and patients; frontotemporal dementia (FTD) and corticobasal 
degeneration (CBD); c Parkinson's disease (PD) and CBD; d progressive supranuclear palsy (PSP) and CBD; e FTD and multiple system atrophy 
(MSA); f PSP and MSA; 9PD and PSP; h FTD and PSP; j PD and FTD; iPD and MSA. 
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Determine whether he has unusual subjective sensations or beliefs 
about the limbs of one half of the body. Do they feel as though absent or 
changed, either intermittently or continuously ( hemisomatognosia )? 

Does the patient ignore or show lack of concern about an injured or 
functionally defective part of the body, for example a left hemiparesis 
or hemianopic field defect ( anosognosia )? He may verbally deny the 
defect or deny ownership of the affected body part. 

Other general indications of organic cerebral disorder 

Note the ability of the patient to sustain attention during the 
above test procedures. Did he fatigue unduly easily ? Was he 
able to shift attention readily from one task to another? Did 
he show perseveration in the use of words or in response to 
commands (Chapter 2) Note and describe any evidence of 
lability of mood or euphoria. Were emotional responses exagger- 
ated, flattened or lacking ? When confronted with a task beyond 
his ability did he show evidence of a catastrophic reaction (see 
Mood, under Mental state, earlier in this chapter)? Did he 
show impulsiveness, disinhibition or over-familiarity at any 
point during the testing? Did the patient appreciate his failings 
and show appropriate concern ? Did he use evasions or excuses 
to cover up his deficits? 

Examination of the mute or apparently 
inaccessible patient 

States of mutism, stupor and apparent inaccessibility may be 
due to organic brain disease or to psychiatric disorders such 
as depression, catatonic schizophrenia or conversion hyste- 
ria. In all cases it is necessary to carry out a detailed neurolog- 
ical examination and to assess the apparent level of conscious 
awareness (as outlined above) before considering other 
aspects of the problem. 

The differential diagnosis of stupor is considered in 
Chapter 1. In addition to the intracerebral causes it is essen- 
tial to bear in mind the possibilities of physical illness, espe- 
cially metabolic, and to examine for physical complications 
of stupor such as hypotension or retention of urine. It is also 
important to remember that in stupors due to non-organic 
psychiatric illness the patient's comprehension of remarks 
made in his presence may be intact despite appearances to 
the contrary. 

Stupor, semicoma and hypersomnia 

The definitions of these terms are not sufficiently precise to 
be used as the sole description of the phenomena they com- 
prise. The following features should therefore be described 
separately. 

To what extent does the patient dress, feed himself or cooperate with 
feeding, and attend to matters of hygiene and elimination? 

Are the eyes open or shut? If open, are they apparently watchful and 
do they follow moving objects? If shut, do they open in response to 
stimulation, and is there resistance to passive opening? 

Assess the patient's response to graded stimulation as outlined 
in Chapter 1 . When aroused does he become briefly alert and verbally 
responsive? 



Is the physical posture comfortable, constrained, awkward, bizarre, 
or in anyway indicative of possible delusionalbeliefs? Does the patient 
resume a previous posture if moved or when placed in an awkward 
position? Do movements display special meaning, for example on a 
possible delusional basis or in response to hallucinatory experiences? 

Is the facial expression constant or varying, alert or vacant, blank 
or meaningful? Is it secretive, withdrawn, indicative of sadness, 
hopelessness or ecstasy? Does it betray attention to hallucinatory 
experiences? 

Is there any physical or emotional reaction to what is said or done to 
the patient or within his hearing? Does he show an emotional response 
when sensitive subjects are discussed? Does he show signs of irritation 
or annoyance when moved against his wishes? 

Examine the state of the musculature. Is it relaxed or rigid? Is 
rigidity increased by passive movements? Examine for negativism, 
flexibilitas cerea, automatic obedience and echopraxia. Note evi- 
dence of resistiveness, irritability or defensive movements during 
examination. 

In the neurological examination pay special attention to evidence 
of raised intracranial pressure or of diencephalic or upper brainstem 
disturbance: thus examine for papilloedema, observe equality and 
reactivity of pupils, note quality of respiration, look for evidence of 
long tract deficit in the limbs, and test for conjugate reflex eye move- 
ments on passive head rotation. 

After recovery, examine for memory of events occurring during the 
abnormal phase and for fantasies or other subjective experiences 
occurring at the time. 

Mutism 

Mutism is a condition in which the person does not speak 
and makes no attempt at spoken communication despite 
preservation of an adequate level of consciousness. It may 
sometimes be the only abnormality in otherwise normal 
behaviour. 

Is it elective, confined to some situations, or in relation to some persons 
but not others? Is the patient disturbed by it as shown by gesticulations 
or evidence of distress? Does he attempt to communicate by signs? 
When offered paper and pen does he communicate in writing? 

Distinguish mutism from severe motor aphasia, anarthria, aphonia, 
poverty of speech or severe psychomotor retardation. Is partial vocali- 
sation preserved, are emotional ejaculations possible, and can simple 
yes-no answers be given? Test separately for ability to articulate (to 
whisper or make the lip movements of speech) and ability to phonate 
(to produce coarse vocalisations or to hum). Can he cough? Does he 
speak very occasionally and briefly on restricted themes? Does he 
reply or signal responses to some questions but only after a long delay? 
In the distinction from aphasia it is important to remember that the 
most profoundly aphasic patient is never mute; he is always able to 
make some speech sounds, even if these are restricted to crude syllabic 
stereotypies or repeated expletives (Benson 1973). 

A careful history from informants may sometimes enable distinc- 
tions to be made more readily than from examination alone. 

Psychometric assessment 

The clinical value of psychological testing in the field of or- 
ganic psychiatry has been much debated. Overenthusiastic 
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claims have sometimes followed the introduction of new 
tests and procedures for the identification of cerebral dys- 
function, and have had to be tempered later in the light of 
experience. However, even when the claims themselves have 
been modest the psychiatrist has often misunderstood the 
situation, and has expected a degree of exactitude from psy- 
chometric testing that is unrealistic. Collaboration with clini- 
cal psychologists, especially those with special expertise in 
neuropsychology, is extremely helpful, both in diagnosis 
and in management, provided a jointly balanced view is 
taken of the situation. In the diagnosis of brain damage the 
psychiatrist's and the psychologist's approach are both in 
their own ways fallible, but each may usefully supplement 
the other. 

The limitations of psychometric tests must be appreciated. 
There appears to be no single test that will differentiate brain- 
damaged patients from others without some degree of 
overlap, and even the most skilful selection of groups of tests 
will occasionally produce misleading results. Accordingly, 
test results should only be interpreted in conj unction with all 
other sources of information relevant to the issue in question. 
The worst service to psychometry, and to the patient, is likely 
to come from attempts to rely on test scores viewed in isola- 
tion. Similar disappointment would be expected to follow if 
any clinical diagnostic procedure were singled out and given 
unique importance. It is essential therefore to retain a general 
clinical impression as a back-up to the detailed findings. 

Advantages 

As diagnostic instruments, psychological tests have certain 
definite advantages over the ordinary procedures of clinical 
assessment. The tests can be given in strictly standardised 
form and the results are usually scored numerically. Hence 
they can be validated on large groups of patients, so that 
norms can be established and the extent of individual varia- 
tion gauged with some precision. In these respects they rep- 
resent a marked advance on the psychiatrist's assessment of 
the mental state. With their aid one can talk meaningfully in 
terms of probabilities where the presence or absence of brain 
damage is concerned, and the level of probability is often 
crucial in deciding what action to pursue. Similarly, the 
measures can be repeated on more than one occasion, per- 
mitting accurate comparisons over an interval of time. This 
can be invaluable when equivocal findings have emerged at 
the first consultation; after establishing a baseline the 
patient's progress can be charted with some accuracy, and 
any evidence of decline will be highlighted. 

Psychological testing can also concentrate in detail on an 
individual area of functioning which has come under suspi- 
cion. Minor degrees of memory impairment or verbal disa- 
bility, for example, can be pursued with much more 
thoroughness by psychometric tests than in the clinical inter- 
view. The structure of such deficits can also be explored in 
greater detail. It is here that the psychologist must sometimes 
be prepared to sacrifice the rigid standardisation of his 



approach in order to follow the leads that emerge. Piercy 
(1959) has argued cogently that some kinds of evidence are 
better assessed by an experienced human observer than by a 
standardised procedure; the nature of the failure can be 
important and this is not always obvious from the score 
alone. In other words, the advantages of the standardised 
approach must not be allowed to become an unduly rest- 
rictive influence or valuable information will sometimes 
be lost. 

Limitations 

Sensitivity and specificity 

Typically a test is standardised on groups of subjects known 
to be suffering from brain damage, and groups in whom this 
is known to be absent by independent criteria. Nevertheless, 
few tests are given to large representative populations of 
'normal' individuals in which a certain level of 'abnormal' 
test results is to be expected. In clinical use the test will often 
be applied to borderline problems in which other evidence 
of brain damage is equivocal, and here it will not yet have 
established its credentials. The difficulty in establishing the 
sensitivity of the test in equivocal cases lies in the problem of 
obtaining a final arbiter of brain damage. Follow-up of dis- 
puted cases can help by displaying the predictive value of the 
test, but such studies have not been carried out extensively. 

Attention and motivation 

All tests require a certain level of attention and cooperation. 
Consequently they are vulnerable to emotional disturbance 
and other influences that have nothing to do with brain 
damage. Tests which distinguish well between brain- 
damaged and healthy subjects may therefore give mislead- 
ing results when applied to certain psychiatric patients. 
Depression, for example, may disrupt performance on sensi- 
tive tests of memory, and schizophrenic thought disorder 
may lead to poor performance on tests of abstract thinking. 
Thus any test which is to be usefully employed for differen- 
tial diagnosis between organic and non-organic psychiatric 
illness must first be standardised on patients suffering from 
a wide range of mental disorders. 

Theoretical basis 

Common misconceptions have also concerned the nature of 
brain damage itself, and the constancy of its relationship to 
the behavioural deficits that follow. Tests have sometimes 
relied heavily on unitary theories of cerebral dysfunction, 
and many of those put forward as global indicators of 'brain 
damage' pay little regard to what is known of regional cere- 
bral organisation. Thus tests which sample a restricted aspect 
of cognitive activity may fail to identify cerebral lesions that 
are sufficiently circumscribed to leave that particular func- 
tion intact. Purely verbal tests, for example, may fail to detect 
visuospatial difficulties resulting from a restricted lesion of 
the non-dominant hemisphere. 
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'Untestable' patients 

Many patients may simply be too disturbed to undergo sys- 
tematic psychometric testing, although obtaining meaning- 
ful test results from a disturbed patient will reflect the skill 
and ingenuity of the tester. Here the experienced clinician 
comes into his or her own: engaging the distractible patient 
for a few minutes to determine their level of orientation; 
using objects around them to test praxis, naming, and recog- 
nition. Can the patient recall something in the newspaper by 
his side? Can she report on what she has been watching on 
the TV? Does he recognise the person next to him and know 
his name? Given a pen, can she write her name or draw a 
picture? Patients are never untestable, although the clinician 
may be incapable of testing them. 

Evidential status 

Psychometric testing is sometimes regarded, erroneously, as 
objective. True, unlike bedside assessments, such testing is 
quantifiable. It should be transparent - the results must be 
interpreted but such interpretation is rational and governed 
by rules - valid and reliable. Good inter-rater reliability 
implies that the tester's characteristics should not influence 
the test results; standardising testing methods and high 
standards of clinical training ensure this. However, despite 
all this, psychometry is rarely objective since testing requires 
the cooperation of the subject. This may be important in 
medicolegal and some clinical contexts where a patient may 
wish to influence the results in one direction or another. 

Applications 

From the foregoing it will be clear that the questions asked of 
the psychologist must be realistic, and should reflect some 
knowledge both of the limitations and special advantages of 
the psychometric procedures available. It will usually be 
helpful to discuss the patient fully beforehand in order to 
focus on the problems to be solved. Requests that the psy- 
chologist should 'exclude the possibility of brain damage' or 
'localise the lesion' will not yield unequivocal answers, but 
to ask for collaboration in assessing the likelihood of brain 
damage, focal or diffuse, may add valuable evidence to that 
already available. The job of lesion localisation is generally 
delegated to the neuroradiologist. Establishing a baseline 
level of ability prior to treatment or with a view to tracking 
decline is extremely valuable. Apart from diagnosis, psy- 
chometry can also be valuable where rehabilitation is con- 
cerned. Areas of relatively intact function can be identified, 
and problems highlighted on which re-education should be 
concentrated. Progress can be monitored with a fair degree 
of accuracy, enabling ultimate goals to be discerned. 

In the sections that follow some of the available tests are 
briefly described. Some provide essentially qualitative infor- 
mation, although the great majority yield numerical scores. 
Some rely on profiles of comparison between different func- 
tional capacities, or help to demonstrate the fall from esti- 



mated levels of premorbid intelligence (e.g. the National 
Adult Reading Test). Others concentrate on certain areas 
alone, such as perception, language or memory, although 
obviously considerable overlap will often occur. Mention is 
also made of certain aptitude tests, often initially designed 
for healthy individuals, but also useful as a guide to the reha- 
bilitation and resettlement of brain-damaged patients. Ques- 
tionnaires and rating scales which have been employed with 
severely brain-damaged subjects are also discussed. 

The tests themselves vary widely in the extent to which 
they have been validated and the adequacy with which 
norms have been established. This is not the place to attempt 
a thorough review of their respective credentials, but 
rather to give an outline for the clinician of commonly used 
tests, their aims and procedures. Details can be found in 
the compilations produced by Crawford et al. (1992a) and 
Lezak (1995). 

Standardised tests of intelligence and memory 
Wechsler Adult Intelligence Scale 

The Wechsler Adult Intelligence Scale (WAIS), produced by 
the Psychological Corporation of America, is an extensively 
standardised instrument for the measurement of intelli- 
gence, providing separate scores for 'verbal' and 'perform- 
ance' abilities. Possible deterioration from estimated or 
established premorbid levels can be assessed, and this alone 
can yield important information about the likelihood of brain 
damage. Qualitative interpretation of different subtest scores 
may indicate areas of special cognitive difficulty. The current 
version is WAIS-III (Wechsler 1997). 

Verbal subtests (un timed except for arithmetic) 

1 Information: 29 questions covering a wide variety of information 
and arranged in order of difficulty. 

2 Comprehension: 16 items in which the subject must explain what 
should be done in certain circumstances, the meaning of proverbs, etc. 
This aims at measuring practical judgement and common sense. 

3 Arithmetic: 14 mental arithmetic problems set in the context of eve- 
ryday activities. 

4 Similarities: 14 items in which the subject must say in what way two 
things are alike. 

5 Digit Span: lists of 3-9 digits to be reproduced forwards and 2-8 
digits to be reproduced backwards. 

6 Vocabulary: 35 words graded in difficulty for which the subject 
must give the meaning. 

7 Letter-Number Sequencing: the object is to extract separate se- 
quences of letters and numbers from a mixed sequence containing 
both (optional). 

Performance subtests (all timed except 
matrix reasoning) 

1 Digit Symbol: the subject must follow a simple code in matching 
symbols to digits, as quickly as he can. 

2 Picture Completion: the subject is shown 20 pictures of human fea- 
tures, familiar objects or scenes, and must say what important part is 
missing from each. 
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3 Block Design: this is similar to the Kohs' Block Design Test. The 
subject must reproduce designs with red and white blocks. 

4 Picture Arrangement: 10 sets of cartoon pictures must be arranged 
in sequence so as to tell a sensible story. 

5 Matrix Reasoning (replaces object assembly from WAIS-R): the 
subject chooses the next in a sequence of abstract coloured symbols. 

6 Symbol Search: the subject has to look for either of two symbols in a 
sequence. 

The raw score on each subtest is transmuted into a standard 
score (scaled score), which represents the individual's dis- 
tance from the mean in terms of the distribution for that par- 
ticular subtest. By this procedure all subtest scores are 
expressed in units that can be compared one with another. 
WAIS-III subtests may be grouped to form indices: verbal 
comprehension, perceptual organisation, working memory 
and processing speed. Abbreviated forms of the test are 
commonly used in clinical practice and the Psychological 
Corporation have an official version, the Wechsler Abbre- 
viated Scale of Intelligence (WASI) comprising vocabulary, 
block design, similarities and matrix reasoning. The scores 
on the WAIS is standardised to give a mean IQ of 100 with 
one standard deviation equal to 15 IQ points; the 50% confi- 
dence limits range from 90 to 110 and the 95% confidence 
limits from 70 to 130. Below 70 is regarded as in the mental 
retardation range. 

The current WAIS-III was intended to be of greater utility 
to neuropsychologists than its predecessors (see Tulsky & 
Haaland 2001 ). For example, measurement of letter-number 
span appears to be a good index of working memory and 
matrix reasoning (derived from Raven's Progressive 
Matrices, a non-verbal measure of IQ in adults and children; 
Raven et al. 1992), of 'fluid' intelligence, and is less contami- 
nated by performance speed which tends to be affected non- 
specifically in many clinical groups. In general the battery 
has significant advantages over many 'proper' a priori neu- 
ropsychological tests: extensive population age-corrected 
norms, strictly operationalised procedures, and reasonable 
face validity in terms of underlying cognitive processes. The 
WAIS-III is designed to be allied to the Weschler Memory 
Scale (WMS-III) so memory impairment can judged to be 
consistent with or disproportionate to general abilities (see 
below). It may also be administered by any non-specialist 
clinical psychologist. On the other hand, it is clearly sensitive 
to education, language and other ethnic and cultural factors 
(like many tests). It takes time to complete and while relating 
the WAIS-III to previous versions and the childhood version 
(WISC) is fairly straightforward, it is not without problems. 

As a neuropsychological test, brain damage may be 
reflected in discrepancies between the verbal and perform- 
ance IQs. In very general terms, verbal subtests will tend to 
be impaired by lesions in the dominant hemisphere, and 
those involving visuospatial functions by lesions in the non- 
dominant hemisphere, although verbal-performance dis- 
crepancies cannot be used as a reliable guide to laterality of 



brain damage. The likelihood of a verbal-performance dis- 
crepancy being pathological can be gleaned from the scoring 
manual. Deterioration indices involve comparisons between 
other contrasting groups of subtests. 'Hold' tests are identi- 
fied which are found to be relatively impervious to the effects 
of brain damage, whereas 'Don't hold' tests show early 
decline. The former include subtests that reflect the use of old 
knowledge (e.g. vocabulary and information), whereas the 
latter require speed or the perception of new relations in 
verbal or spatial content (digit symbol and block design). 
One of the most useful applications of an IQ score derived 
from the WAIS is comparison with an earlier score (an 
index of premorbid IQ or at the very least a broad estimate 
of premorbid functioning from previous occupation or edu- 
cational attainment) in providing prima facie evidence of 
decline as in a dementing condition or following a brain 
insult. 

The application of the WAIS as a diagnostic instrument 
has been criticised on theoretical grounds, in that the reliabil- 
ity of subtests taken individually is not sufficiently high to 
allow a confident interpretation of any but the largest differ- 
ences between them. Scatter can result not only from patho- 
logical processes but also from differences in educational, 
occupational and cultural factors. Nevertheless, qualitative 
interpretation of subtest scores may provide useful clinical 
information, yielding important pointers for verification by 
more detailed testing. In my opinion, the WAIS is underval- 
ued as an assessment tool in neuropsychiatry. 

National Adult Reading Test 

A simple technique for yielding an approximate estimate 
of general intelligence consists in administering a series of 
words to be read aloud (Nelson 1982; Nelson & Willison 
1991). Nelson and McKenna (1975) introduced this rapid 
method using words from the Schonell Graded Word 
Reading Test, and Nelson and O'Connell (1978) then modi- 
fied it by drawing up a list of words spelled in an irregular 
manner (e.g. ache, bouquet, naive, sidereal). The level of 
word reading ability achieved by an adult has been shown to 
correlate highly with intelligence and, being well practised 
and overlearned, it proves to be relatively resistant to influ- 
ences which impair other aspects of cognitive function. 

It is this last aspect which makes the test especially useful. 
The authors showed that even in patients with dementia the 
ability to read words declined little if at all, at least in the 
patients used in the samples they examined. Thus subjects 
without evidence of brain disorder gave results closely com- 
parable to patients with cerebral atrophy, even though in the 
latter the WAIS IQ had deteriorated considerably. It was 
possible to show that estimates of premorbid intelligence 
derived from the National Adult Reading Test (NART) were 
more stable even than those derived from the vocabulary 
subtest of the WAIS. The validity of the test in this regard has 
since been confirmed in further studies (Crawford et al. 1990) 
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and use of the NART has spread to other clinical groups 
such as patients with schizophrenia and bipolar affective 
disorder. However, the test has come under criticism, with 
evidence that in patients with dementia of moderate severity 
it may yield an underestimate of premorbid competence 
(O'Carroll et al. 1995). Also, the NART is prone to floor 
effects. 

After administering the NART, regression equations may 
be used to obtain an estimate of minimum premorbid intelli- 
gence, and discrepancies between this and current WAIS IQ. 
It may also be used to estimate premorbid levels of verbal 
fluency (Crawford et al. 1992b). The test has obvious limita- 
tions, however, especially for non-native speakers of English, 
subjects who were always poor readers, or who have acquired 
reading difficulties or dysarthria. Versions of the NART in 
other languages are available, although abundant irregular 
words are a special feature of English and simply do not arise 
in, for example, everyday Italian. 

Memory tests 

Wechsler Memory Scale (WMS-III) 

Wechsler's battery of memory tests aims at measuring 
several different aspects of memory by rapid standardised 
procedures. As with the WAIS, it too was updated in 1997 
and quite radically so. Two of the three visual subtests that 
had been in WMS-R (figural memory and visual paired asso- 
ciates) were deleted and the third (visual reproduction) was 
retained as optional. The WMS-III introduced the new 
Family Pictures and Faces subtests that use genuine stimuli 
such as photographs rather than just abstract shapes. The old 
'attention/concentration' factor was reconceptualised as 
'working memory'. This is assumed to be parallel to the 
WAIS-III working memory factor but there are different sub- 
tests: the spatial span, assumed to be a visual analogue of the 
digit span task (Tulsky 2004). 

Clinicians routinely examine differences between an indi- 
vidual's performance on immediate and delayed memory 
tasks as a way of differentially diagnosing encoding versus 
retention deficits. In the WMS-III, evaluation of the Immedi- 
ate Memory Index (IMI) and the General Memory Index 
(GMI) allows such a comparison. The logical memory story 
(A) is largely unchanged, and there is a new second story (B) 
which is now repeated a second time to assess the benefit of 
repetition. The test is also followed by a 30-item yes-no rec- 
ognition memory subtest. 

All the subtests except spatial span are given in immediate (1) and 
delayed (2) conditions. Altogether they form indices: Immediate 
Memory (composed of Logical Memory 1, Verbal Paired Associates 1, 
Faces 1, and Family Pictures 1) ; General Memory (composed of Logical 
Memory 2, Verbal Paired Associates 2, Faces 2, and Family Pictures 2); 
and Working Memory (composed of Letter-Number Sequencing and 
Spatial Span). 

• Information and Orientation (optional) . 



• Logical Memory examines the immediate recall of two short stories, 
the second of which is presented twice. The subject is asked to retell 
the stories immediately or after a delay of around 30 minutes. After the 
delayed condition the subject is asked yes-no questions about the 
stories. 

• Faces: 24 photographs are presented followed by 48 photos and the 
subject is asked to say which out of these he recognises. 

• Family Pictures: photos of a family and a series of scenes. The subject 
has to remember information, such as who was doing what and where . 
Both Faces and Family Pictures have immediate and delayed 
presentations. 

• Word Lists (optional): 12 semantically related words are presented 
orally to be recalled. There are four learning trials. Then a new 12-word 
list is presented as before. Then the subject has to recall as many words 
as he can from the first list. After delay, recall of the first list is again 
tested. Finally, 24 words are read and the subject indicates, one by one, 
if it was on the first list. 

• Verbal Paired Associates: eightpairs of words are read to the subject. 
Then the first of each pair is read and the subject has to remember its 
pair. There are four trials of the list in different orders. All pairs are 
novel (compare the previous version, which had hard and easy (com- 
monly associated) word pairs). In the delayed condition, the first of 
each pair is again read out and the corresponding word is sought. All 
words are then read and subject has to indicate whether each is old or 
new. 

• Visual Reproduction (optional) involves the immediate recall of 
five geometrical figures. The subject must draw what he remembers 
after seeing each card for 10 seconds. In the delayed condition there are 
recall, recognition, copying and matching tests. 

• Letter-Number Sequencing: a string of alternating letters and 
numbers are presented orally. The test is to repeat the numbers in 
ascending order followed by the letters in alphabetical order. 

• Spatial Span: a series of patterns is shown on a three-dimensional 
board. The examiner points to them one by one. The subject then has to 
repeat this. Subsequently the subject points to the blocks in reverse 
order. 

• Mental Control (optional), e.g. reciting days of the week. 

• Digit Span (optional): forwards and backwards. 

Neuropsychological tests 

Detailed knowledge of the huge range of neuropsychologi- 
cal tests currently available is not required for the practising 
neuropsychiatrist. However, an idea of the nature and 
administration of a few commonly used tests is very useful 
in interpreting reports, recommending tests and discussing 
their results in an informed way with colleagues. Interested 
readers should consult Lezak (1995) and Anastasi & Urbina 
(1997). Table 3.4 lists the main classes of tests with examples 
not described above. Details of some of the more commonly 
used tests are given in the Appendix. 

Special and ancillary investigations 

Further investigations will often be required when an 
organic basis is suspected for psychiatric disorder. Certain 
routine tests should ideally be performed on all psychiatric 
inpatients, including estimation of haemoglobin. 
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Table 3.4 Neuropsychological tests. 



Tests of perception/attention 

Bender-Gestalt Test (Bender Visual Motor Gestalt Test) 

Visual Object and Space Perception Battery (VOSP) 

Behavioural Inattention Test (line bisection, star cancellation) 

Tests of Everyday Attention (TEA) 

Rey-Osterrieth Test (see under Memory) 

Language tests 
Boston Naming Test 
Graded Naming Test 
Token Test 

Speed and Capacity of Language Processing Test 
Speed of Comprehension Test 
Spot-the-Word Test 

Psycholinguistic Assessments of Language Processing in Aphasia 
(PALPA) 

Memory tests 

Paired associate learning tests 
Object Learning Test 
List learning tests 
Rey Auditory Verbal Learning Test 
California Verbal Learning Test 
Recognition memory tests 
Camden MemoryTest 
Benton Visual Retention Test 
Rey-Osterrieth Test 

Adult Memory and Information Processing Battery 
Rivermead Behavioural MemoryTest 
Autobiographical Memory Interview (AMI) 

Frontal lobe ('executive function') tests 
Verbal fluency tests 
Wisconsin Card Sorting Test 
Modified Wisconsin Card Sorting Test 
Stroop tests 

Cognitive Estimates Test 
Strategy application tests 

Behavioural Assessment of Dysexecutive Syndrome (BADS) 
Hayling Test 
BrixtonTest 
Tower of London Test 
Trail Making Test 
Coldstein-Sheerer tests 

Vigilance tests 

Paced Auditory Serial Addition Test (PASAT) 

Continuous Performance Test 

'Batteries' 

Halstead-Reitan Battery 

Cambridge Neuropsychological Test Automated Battery (CANTAB) 

Dementia questionnaires and rating scales 
Blessed's Dementia Scale 

Middlesex Elderly Assessment of Mental State (MEAMS) 

Geriatric Mental State Schedule 

Cambridge Examination for Mental Disorders of the Elderly 
(CAMDEX/CAMCOG) 

Aptitude tests 

Vineland Social Maturity Scale 



erythrocyte sedimentation rate, urea, electrolytes and blood 
glucose, liver function tests, thyroid function, calcium and 
phosphate, serological tests for syphilis, chest radiograph 
and routine urine examination. The patient's temperature 
should always be taken, with 4-hourly recording if minor 
rises are suspected. These serve as screening tests for coinci- 
dental as well as causally related physical disorders. Other 
investigations will be indicated on the basis of the history 
and clinical examination when specific disorders are sus- 
pected. An important principle is that investigations should 
always be planned to give the maximum required informa- 
tion with the minimum of inconvenience to the patient. 
Investigations without discomfort or risk will obviously be 
more readily undertaken than those which carry the possi- 
bility of pain or complications. For example, skull radio- 
graphy, electroencephalography (EEG) and computed 
tomography (CT) will sometimes be performed even when 
the level or suspicion of organic involvement is low, whereas 
lumbar puncture and other invasive procedures will be 
reserved until very specific and important questions need 
to be answered. The yield of abnormal CT results in psychi- 
atric patients from various series has been described by 
Roberts and Lishman (1984). 

Few of these tests have well-defined sensitivities and spe- 
cificities for neuropsychiatric disorders and a great deal of 
judgement and consideration is required when embarking 
on elaborate investigations. Special investigations will only 
yield useful data if they have been discussed properly with 
the professional carrying them out. The indications for these 
and other investigations are detailed in the relevant chapters 
later in the book. The special investigations required in 
connection with some of the rarer causes of dementia are 
outlined in Chapter 9, and see Love 2005. Certain other 
investigations of particular relevance to cerebral dysfunc- 
tion are discussed in detail below. 

Electroencephalography 

The EEG has the important advantage over many other pro- 
cedures that it is safe and without discomfort to the patient. It 
is accordingly used extensively when organic psychiatric 
disorders are suspected. Furthermore, it remains the major 
non-invasive means of determining the physiological or 
functional state of the brain, as opposed to its anatomical 
status. However, certain marked limitations in its diagnostic 
usefulness must be borne in mind. 

Characteristics 

EEG rhythms are conventionally classified into four components 
according to their frequencies: delta (<4 Hz), theta (4-7 Hz), alpha (8- 
13 Hz) and beta (>13 Hz) (Storm van Leeuwen et al. 1966). The normal 
EEG has a well-developed alpha rhythm, maximal in the occipital and 
parietal regions, which attenuates on opening the eyes and reappears 
when they are closed again. It similarly attenuates when the patient 
engages in mental activity such as simple mental arithmetic. The 
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average voltage of the alpha rhythm is 30-50 |TV with spindle-shaped 
modulations. Small amounts of other rhythms are allowable provided 
the alpha activity is well developed. Beta activity is seen mainly in the 
precentral regions, and low-voltage theta becomes more obvious with 
relaxation and drowsiness .Delta activity is normally seen only in very 
young children and during sleep. 

Lambda waves are saw-toothed in form and characteristically situ- 
ated over the occiput. They reflect small eyeball movements. Mu 
rhythm has a characteristic waveform and a frequency within the 
alpha range; it is commonly present in the rolandic area and is dimin- 
ished by contralateral limb movement (Toone 1984). K complexes are 
brief bursts of high-voltage slow waves that may emerge during non- 
REM (rapid eye movement) sleep. 

Abnormal EEG elements that can be important in diagnosis 
include the following. 

• Spikes are high peaked discharges that rise and fall abruptly 
and stand out above the general amplitude of the other 
waves. 

• Sharp waves rise steeply then fall more slowly, and may 
occupy the alpha, theta or delta range. 

• Composite elements may consist of spikes alternating 
with delta waves (spike-and-wave or wave-and-spike dis- 
charges) or slow waves preceded by several spikes (poly-spike 
and wave). Wave-and-spike discharges occurring at a rhythm 
of 3 Hz constitute the classic EEG feature of simple absence 
attacks; those faster and slower than this may be referred to 
as wave-and-spike variants. 

Abnormal rhythms and other elements can be generalised, 
unilateral or focal, and may be described as synchronous or 
asynchronous depending on the coincidence of their appear- 
ance in different leads. 

Various activating procedures may be used to clarify mar- 
ginal abnormalities, or to reveal those concealed in the resting 
record. Hyperventilation is used to increase the excitability 
of cortical cells, probably mainly as a result of hypocapnic 
constriction of cerebral vessels leading to cerebral hypoxia 
(Meyer & Gotoh 1960). Epileptic foci and other disturbances 
may emerge more clearly. Photic stimulation consists of 
repetitive light flashes of varying frequency. Within certain 
ranges of flash frequency (especially 8-15 Hz) the occipital 
alpha rhythm adjusts itself to the flash rate (occipital 
'driving'), and paroxysmal abnormalities may emerge in the 
form of high-voltage complex elements spreading to the 
frontal and temporal regions. Seizure patterns may emerge, 
and a generalised seizure may even be provoked. Sleep may 
be induced by barbiturates if it does not occur naturally. This 
can be useful in activating the spike or sharp wave discharges 
of epilepsy, especially those arising within the temporal 
lobes. Thiopental may be given intravenously and typically 
induces beta activity, often in the form of discrete rims or 
spindles. The induced beta activity is commonly less well 
developed at the electrodes over the site of damage in the 
affected temporal lobe. Other drugs may occasionally be 
employed for the activation of seizure patterns but only 



under skilled supervision in specialised centres. Anticonvul- 
sant medication may be withdrawn prior to EEG and teleme- 
try studies in people suspected of having non-epileptic 
attack disorders (see Chapter 6). 

In addition to the normal electrode placements over the 
scalp, sphenoidal, nasopharyngeal or foramen ovale elec- 
trodes can be valuable for locating discharges from the 
antero-inferior portions of the temporal lobes. These are 
chiefly used when assessing the suitability of epileptic 
patients for temporal lobectomy. Much may also be gained 
from depth electrode studies, or by recording directly from 
the exposed cortex at operation (electrocorticography). 
These procedures can obviously be undertaken only in 
special centres. 

Limitations 

In many ways, EEG has failed to satisfy early expectations as 
a diagnostic aid for reasons discussed by Kiloh et al. (1981), 
although more quantitative methods of analysis can improve 
its yield as a test (see Hughes and John 1999 for review). 
Accordingly it must only be interpreted with its limitations 
clearly in mind. Moreover, much of its traditional advantage 
in being non-invasive has now been eroded by the introduc- 
tion of modern brain imaging techniques (Toone 1984). 

In the first place, the EEG can be normal in patients with 
obvious cerebral dysfunction, especially if only a single 
recording is relied on. It is probably true to say that a normal 
EEG never excludes any clinical condition, but can merely 
serve to diminish the probability of its existence. Conversely, 
a certain proportion of healthy individuals will exhibit 
abnormal EEGs. The EEG is particularly sensitive to such 
physiological variables as level of awareness, acid-base 
equilibrium and blood sugar level. Such physiological 
changes in the record are indistinguishable from those asso- 
ciated with many pathological states, and can readily be mis- 
interpreted as evidence of disease. 

Again, with rare exceptions, the patterns obtained have 
little diagnostic specificity, and the EEG should only be used 
as an additional source of information to add to the evidence 
of the history and clinical examination. It can be a valuable 
aid in localisation but is of little help in pathological diagno- 
sis. Even with regard to localisation it is known that a focal 
lesion can occasionally be associated with disturbance some 
distance away, or alternatively give rise to generalised EEG 
abnormalities. For these reasons the most useful help will be 
obtained from the investigation when the person interpret- 
ing the record is fully acquainted with all relevant clinical 
information about the patient's illness. 

There can be added difficulties in psychiatric patients, 
in that mental disorders of apparently non-organic origin 
are known to be associated with an increased incidence of 
abnormalities in the EEG. This can sometimes cloud the issue 
when it comes to the differential diagnosis between organic 
and non-organic psychiatric conditions. Whereas perhaps 
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10-15% of normal subjects show some abnormality on EEG, 
this figure has sometimes been found to be higher among 
patients with neurotic disorders. The abnormalities in such 
patients commonly lie just outside the normal range, with an 
excess of generalised theta or beta rhythms of rather low 
amplitude. Patients with bipolar affective disorder have 
been reported to show marginally abnormal records in up to 
20% of cases, although again the finding is far from consist- 
ent. Schizophrenia is sometimes associated with more defi- 
nite abnormalities, in perhaps one-quarter of cases. Catatonic 
schizophrenia shows abnormal records more commonly 
than other varieties. However, these changes are not con- 
stant, failing to appear in some patients and sometimes 
varying from one attack to another in the same patient. 

In patients with disorders of behaviour and personality 
the incidence of abnormalities is perhaps highest of all. 
Classic studies by Hill and Watterson (1942) found that 48% 
of patients diagnosed as psychopathic had abnormal EEGs 
compared with 15% of controls, and among aggressive psy- 
chopaths the proportion rose to 65%. The majority of the 
abnormalities in patients with personality disorder appear 
to reflect cerebral immaturity, and are of a type that would be 
accepted as normal in a very much younger age group . Some- 
times the so-called immaturity may be the result of past 
cerebral insults, even of birth injury, but the great majority 
appear merely to be associated with delayed maturation. 
Thus the abnormalities tend to decrease with age, and this 
may be accompanied by a parallel improvement in 
behaviour. 

Another difficulty with psychiatric patients can be the 
result of treatments currently or recently given. Many of the 
widely prescribed drugs affect the EEG, in some individuals 
to a marked extent. Fenton (1974) and Kiloh et al. (1981) have 
reviewed the main changes that occur. Barbiturates and 
other sedatives increase fast activity and sometimes produce 
a small amount of diffuse theta or even delta activity. Most 
sedatives also tend to aggravate epileptic discharges. On the 
other hand, anticonvulsants other than barbiturates have 
little effect on the EEG. Chlorpromazine in low dosage may 
disturb alpha activity, with the occasional appearance of 
slow frequencies. In dosages much higher than tend to 
be used nowadays, it may produce generalised delta waves 
or hypersynchronous high-voltage discharges. Chlorpro- 
mazine also potentiates epileptic discharges. Clozapine has 
dose-related epileptogenic properties. Similar changes are 
produced by most other antipsychotics, tricyclic antidepres- 
sants and lithium. Benzodiazepines (e.g. diazepam) are 
usually associated with increased fast activity. 

Electroconvulsive therapy can render the EEG hard to 
interpret for a time. Each fit is followed by generalised theta 
and delta activity, which becomes more persistent as succes- 
sive treatments are given. After three or four treatments 
spaced at intervals of 2-3 days the abnormal rhythms may 
persist in the intervals between, often with frontal prepon- 



derance. As the course of treatment proceeds the disturbance 
becomes more widespread and of higher voltage, and alpha 
activity may disappear. Individual patients differ in the 
severity of these effects and in the time taken for return to 
normality (around 1-3 months). 

Uses 

This brief description of some of the difficulties surrounding 
the interpretation of the EEG is necessary before discussing 
situations where it can serve a useful purpose (Smith 2005). 
In general terms, suspicions of abnormality of brain struc- 
ture or function are confirmed by the EEG in more than 60% 
of cases with around 10% false positives, based on a large 
group of patients aged over 50 years investigated for organic 
disease (Leuchter et al. 1993). Hence it can bring added infor- 
mation in psychiatric patients when the question of an 
organic basis for the illness has arisen. In diagnostically 
obscure cases one can look for clues which may indicate the 
need for further investigation. A single focus of abnormally 
fast or slow activity will always suggest the presence of a cer- 
ebral lesion and must be followed up further, likewise gross 
asymmetries of normal or abnormal activity between the 
hemispheres. EEG also plays a part in the differentiation 
between organic and non-organic psychiatric illness, though 
caution must be observed. A normal record will be of little 
help in the distinction, but it will certainly be less easy to 
maintain a diagnosis of a purely psychogenic disturbance in 
the presence of a grossly abnormal record. 

Epilepsy 

The disturbances seen in epileptic subjects are considered in 
detail in Chapter 6. Characteristic epileptic discharges 
consist of spikes, sharp waves or wave-and-spike complexes. 
When recurrent these are very strong evidence in favour of 
an epileptic process. In primary generalised epilepsy, wave- 
and-spike complexes may consist of runs of classic 3-Hz 
spike and wave, but in the presence of grand mal attacks they 
are commonly somewhat faster or consist of variants with 
poly-spike and wave. Other abnormalities common in epi- 
leptics, but without the same degree of specificity, include 
paroxysms of symmetrical delta activity, bursts of theta, or a 
diffuse excess of delta and theta. Epilepsy that originates 
within the cortex shows a spike and sharp wave focus, or 
local spike discharges either singly or in groups. These often 
betray the point of origin of the seizures, although sometimes 
they are transmitted widely to other areas. Temporal lobe 
epilepsy often shows spike discharges over the temporal 
region, but occasionally the record can be normal until sleep 
is induced and sphenoidal or nasopharyngeal electrodes are 
employed. 

The principal value of the EEG in epilepsy is to distinguish 
patients with a discharging cortical focus from those with 
primary generalised epilepsy. In patients without an aura to 
their grand mal attacks there may be no other means of 
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making the distinction. The EEG can localise the cortical 
lesion, indicate its extent, and whether it is unilateral or bilat- 
eral, although this has become less important with the advent 
of magnetic resonance imaging (MRI). 

On the broader question of the diagnosis of epilepsy, the 
EEG can be useful but is not an infallible guide. Epilepti- 
form discharges are found in occasional normal persons, in 
many degenerative brain disorders and in some patients 
with psychosis or personality disorder. Conversely, in some 
20-30% of patients with epilepsy, a single routine EEG will 
be normal. In exceptional cases the record can remain 
normal even during an attack, as in some cases of Jackso- 
nian and psychomotor epilepsy when the foci are so dis- 
crete, and of such low voltage, that they fail to reach the 
surface electrodes. The recognition of the epileptic nature of 
a group of symptoms must therefore remain primarily a 
clinical task, but one which obtains firm confirmation from 
the EEG in the majority of cases. Where the clinical features 
are dubious this confirmation can have a decisive influence 
on the diagnosis and future management. Classic spike- 
and-wave discharges, for example, may resolve doubts 
when an adequate witnessed account of attacks is not 
forthcoming. And in temporal lobe epilepsy, the EEG can 
sometimes point directly to the diagnosis in patients who 
have hitherto been considered to suffer from 'hysteria', 
anxiety attacks or short-lived psychotic reactions. The EEG 
is particularly valuable in confirming or excluding non- 
convulsive status epilepticus, which can present as a confu- 
sional state. 

Space-occupying lesions 

Space-occupying lesions are revealed by the EEG in a high 
proportion of cases but is no longer used for this purpose. A 
focal delta wave focus will constitute strong presumptive 
evidence of a cerebral tumour, especially when combined 
with the other features outlined in Chapter 5. Alternatively, it 
may give the first indication of a developing cerebral abscess 
when this arises as a complication of a generalised infection. 
A subdural haematoma in the elderly sometimes presents 
with a psychiatric picture, and the EEG can be the factor that 
alerts one to the diagnosis. Typically, there is diminished 
amplitude or suppression of cerebral rhythms over the 
affected hemisphere, and some irregular slow activity on 
the affected side, although the contralateral hemisphere may 
be affected as well. One must also beware of the occasional 
cases with well-defined but utterly misleading foci, even 
sometimes locating the tumour or haematoma to the wrong 
side of the head. 

Cerebral infarction 

With cerebral infarctions the EEG can be of help in gauging 
prognosis. Patients with minimal changes during the acute 
episode can generally be expected to make a good recovery, 
and also patients in whom the EEG changes resolve steadily 



from an early date. However, an EEG that becomes normal 
while neurological deficits persist suggests that little further 
clinical improvement can be expected. 

Head injury 

After head injury the EEG may again sometimes help in gau- 
ging prognosis (see Chapter 4) or in pointing to an organic 
component in disturbances which have seemed to be purely 
psychological in origin. EEG changes may occasionally fore- 
shadow the development of post-traumatic epilepsy, but the 
interseizure record remains normal in a high proportion of 
patients even when fits have already become established. 

Encephalitis 

In encephalitis the EEG, together with examination of the 
cerebrospinal fluid (CSF), can be a valuable means of follow- 
ing progress. Abnormalities consist of diffuse irregular slow 
waves and scattered sharp waves, with slowing or reduction 
in alpha activity. Seizure patterns (e.g. periodic epileptiform 
discharges) are not uncommon in the acute stage and if bilat- 
eral confer a poor prognosis on herpes simplex encephalitis 
(Fig. 3.3). There may be a warning of complications and of 
permanent brain damage when slow waves persist. The 
appearance of new spikes or spike-and-wave complexes 
raises the possibility that secondary epilepsy will develop . In 
subacute sclerosing panencephalitis the EEG changes 
described in Chapter 7 have high diagnostic value. 

Metabolic disorders 

In metabolic disorders the EEG is a sensitive indicator of cer- 
ebral insufficiency, and can reflect worsening or improve- 
ment of the clinical condition with a fair degree of accuracy. 
The changes lack specificity for the various metabolic disor- 
ders, being for example similar in hypoglycaemia, anoxia, 
hypokalaemia, carbon dioxide retention or vitamin B 12 defi- 
ciency. Nevertheless, they can provide important informa- 
tion in patients who present with indefinite features in the 
mental state. They may help to confirm the organic basis for 
paranoid syndromes or disturbances of behaviour in patients 
who are only minimally confused. Alternatively, when 
organic features are well developed the EEG may help in the 
sometimes difficult distinction between reversible causes 
and progressive brain pathology. Obrecht et al. (1979) have 
demonstrated the value of the EEG in patients with acute 
confusional states in general hospital practice, particularly 
in helping to distinguish metabolic and other systemic disor- 
ders from intracranial pathologies. 

The earliest changes are slowing of the alpha rhythm along 
with diminution of voltage. Later there is progressive 
slowing and disorganisation, with runs of theta that come to 
replace all other activity. Finally, in metabolic coma regular 
high-voltage delta activity appears, sometimes bilaterally 
synchronous and sometimes more random in distribution. 
In deep coma, when the patient is quite unresponsive, the 
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Fig. 3.3 Herpes simplex encephalitis: left- 
sided slow activity and repetitive periodic 
epileptiform discharges. (From Smith 
2005 with permission of BMJ Publishing 
Group Ltd.) 



amplitude of the EEG diminishes and ultimately the record 
becomes flat and featureless. 

Disturbance of consciousness 

Disturbance of consciousness will produce EEG slowing 
even when very mild and when cognitive difficulty can be 
hard to detect on clinical examination. This can be shown by 
serial recordings, and can occasionally be useful in the retro- 
spective diagnosis of minimal degrees of clouding of con- 
sciousness. The absolute frequency of the dominant rhythm 
is less important than the degree of slowing. Thus 8-9 Hz 
may be abnormal if it has replaced alpha of a higher fre- 
quency. This explains why patients with clouding of con- 
sciousness can have an apparently normal EEG. When 
slowing has reached 5-6 Hz the characteristic disruption of 
activity on eye opening no longer occurs, representing the 
physiological correlate of the reduced impact of perceptions 
derived from the environment. Fluctuations in the severity 
of delirium, as reflected in outward behaviour, prove not to 
be related to changes in the underlying metabolic distur- 
bance as reflected in the EEG, but to be more closely tied to 
psychological and environmental factors. 

While there is often a relationship between the degree of 
EEG slowing and level of impairment of consciousness, this 
is not invariable. Delirium tremens is an obvious exception, 
in that during profound delirium the EEG may be normal or 
show fast activity of low to moderate voltage rather than 
slowing of rhythms. Lipowski (1990) suggests that slowing 
of the EEG is characteristic of delirium that presents with 



reduced alertness and wakefulness, whereas in hyperactive 
delirium fast activity may be superimposed on this, some- 
times with features resembling those of REM sleep. 

The EEG can be of some diagnostic help in comatose 
patients. Comas due to metabolic disturbance will show 
diffuse high-voltage delta activity as described above, 
whereas in barbiturate overdosage there will be augmented 
amplitude and an increase in fast frequencies. Space-occu- 
pying lesions may be indicated by focal abnormalities, or 
epileptic activity may be revealed. Pseudocoma due to con- 
version disorder, psychosis or affective disorder would be 
expected to give rise to a normal or near normal EEG. The 
record will show responsiveness to auditory and visual 
stimuli. 

Presenile and senile dementias 

In the dementias the degree of EEG abnormality appears to 
be more closely related to the rate of progression of the disor- 
der than to the degree of intellectual impairment at a given 
point in time. Briefly, in dementia of the Alzheimer type the 
commonest abnormality is accentuation of the normal EEG 
changes with ageing, and may therefore be difficult to diag- 
nose with confidence. Alpha activity is slowed in frequency 
and reduced in quantity, and diffuse theta or delta rhythms 
tend to appear. The vascular dementias show a similar 
picture, though often with focal features where local cerebral 
infarctions have occurred. Presenile Alzheimer's disease is 
associated with a particularly high incidence of abnorma- 
lities. Alpha activity tends to disappear, and is replaced 
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Fig. 3.4 Characteristic EEC findings in 
sporadic Creutzfeldt-Jakob disease: 
periodic complexes at approximately 1 per 
second, and very low amplitude 
featureless background between 
complexes. (From Smith 2005 with 
permission of BMJ Publishing Group Ltd.) 




with irregular theta on which runs of delta activity may be 
superimposed. Pronounced flattening of the record will raise 
the possibility of Huntington's chorea, whereas repetitive 
spike discharges or characteristic triphasic sharp wave com- 
plexes may be indicative of Creutzfeldt-Jakob disease (CJD) 
(Fig. 3.4). 

In all these conditions the EEG abnormalities may fail to 
develop in a significant proportion of mild to moderate cases, 
and even advanced dementia can occasionally exist along- 
side a normal EEG. Moreover, with some exceptions, the 
changes that occur lack specificity for the illnesses in ques- 
tion. Nevertheless, an EEG can be helpful in early and uncer- 
tain cases of dementia. In the previously mentioned study by 
Leuchter et al. (1993), 42% of patients with suspected dem- 
entia without clear impairment had an abnormal EEG, the 
figure rising to 65% in those with mild to moderate im- 
pairment. A normal EEG in such circumstances will make 
Alzheimer's disease unlikely, but will not exclude other 
varieties of dementia. The EEG may also help in the distinc- 
tion between diffuse and focal lesions. 

Finally, in elderly patients the EEG may aid differentiation 
between depressive pseudodementia and degenerative 
brain disease. A normal EEG in a patient who has been diag- 
nosed as suffering from Alzheimer's disease or vascular 
dementia, and who shows features of depression, will at least 
suggest that the diagnosis should be reconsidered (Kiloh 
etal. 1981). 

Event-related potentials (evoked potentials) 

Incoming sensory stimuli are associated with brief changes 
in brain potentials, and these can be detected when suitable 
averaging methods are used to demarcate them from the 
background EEG activity. Successive epochs of EEG are 
summated and averaged by computer while repeated 



visual, auditory or somatosensory stimuli are presented to 
the subject. The value of such techniques lies in their non- 
invasive nature and the minimal requirement for coopera- 
tionfrom the subject. Applied to almost any sensory modality, 
they can demonstrate abnormal sensory condition (Walsh 
et al. 2005). Moreover, certain late components of event- 
related potentials (ERPs), when coupled with minimal task 
demands, have proved to reflect psychological processes 
such as expectation and motivation, and to be abnormal in 
some psychiatric conditions. 

The early components, generated within 20 ms or so from 
stimulus presentation, reflect neuronal activity in the sensory 
end organs and afferent pathways, and can be sensitive indi- 
cators of pathology in the auditory apparatus, optic path- 
ways and brainstem. The value of visual pattern-evoked 
responses, brainstem auditory-evoked responses and soma- 
tosensory responses in the diagnosis of multiple sclerosis is 
described in Chapter 14) although yet again MRI is the main 
diagnostic tool. Wright et al. (1984) found that while pattern- 
evoked responses were normal in dementia, the major posi- 
tive component (P2) to flash was considerably delayed, 
presumably because this is generated in association cortex 
rather than primary visual cortex. 

However, the principal interest for psychiatry centres on 
the late components of ERPs elicited while the subject is 
engaged in some simple task (cognitive ERPs). Grey Walter 
et al. (1964) described contingent negative variation (CNV), 
observed when a subject was told to press abutton inresponse 
to a flash of light which occurred 3 seconds after hearing a 
warning click. During the period of expectation a negative 
potential could be recorded from the scalp that increased 
steadily in amplitude until the button press was performed. 
Sutton et at. (1965) then showed that certain late potentials 
were a function of the uncertainty experienced by the subject 
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during simple test procedures, in particular the develop- 
ment of a large late positive potential some 300 ms after stim- 
ulus presentation (P300 response). In a typical test paradigm 
the subject listens to a series of auditory tones, most of which 
are identical in pitch, but with the random appearance of 
rarer stimuli at another pitch ('odd-ball' paradigm). The 
subject must attend carefully, and respond with a button 
press or make a mental count of the abnormal target stimuli. 
These then induce a series of late potentials: a negative deflec- 
tion at approximately 1 00 ms (N1 or N1 00), a positive poten- 
tial at 200 ms (P2), followed by N2 then P300 potentials at 
300 ms. This last component has been extensively studied in 
relation to dementia and schizophrenia. 

The P300 is significantly delayed in a majority of patients 
with dementia, and in proportion to the severity of the 
dementia (Gordon et al. 1986; Neshige et al. 1988). Moreover, 
there are indications that differences can be discerned in dif- 
ferent varieties of dementia. Goodin and Aminoff (1986) 
showed that patients with subcortical dementia (Parkinson's 
and Huntington's disease) showed more severe delays in the 
P300 than in those with Alzheimer's disease, also longer 
delays in the earlier N1 and P2 components. The patients 
with Parkinson's and Huntington's disease differed from 
one another by greater P2 delay in the latter group. Observa- 
tions have also been made in parkinsonian patients during 
'on' and 'off' phases, with significant decreases in P300 
latency while motor ability is improved (Starkstein et al. 
1989). Goodin et al. (1990) found delayed latencies in all four 
components in patients with AIDS dementia, and to a lesser 
extent in many HIV-positive men who were clinically asymp- 
tomatic and with normal EEGs. It remains to be determined 
how far this may indicate subclinical brain infection and be 
of prognostic significance. 

P300 findings in schizophrenia are more variable, but a 
majority of investigators have found diminished amplitudes 
of response, with or without abnormal latencies. Blackwood 
and Muir (1990) summarise studies showing differences 
between schizophrenic and depressed patients, and which 
may hold promise for circumscribing the boundaries of 
schizophrenia more closely. The P300 changes appear to be 
largely independent of the state of relapse or remission, and 
have been detected in asymptomatic relatives of schizo- 
phrenic patients; hence it is a good candidate for an endo- 
phenotype. Bramon et al. (2005) performed a meta-analysis 
on the results of several studies, yielding data on 472 rela- 
tives and 513 controls. The P300 amplitude was significantly 
reduced and latency significantly delayed in the relatives of 
schizophrenia patients. In a more general systematic review 
and meta-analysis, Bramon etal. (2004) considered 46 studies, 
including 1443 patients and 1251 controls. The pooled stand- 
ardised effect sizes for (reduced) P300 amplitude was 0.85 
(95% Cl 0.65-1.05; P < 0.001) and for (increased) P300 latency 
-0.57 (95% Cl -0.75 to -0.38; P < 0.001). 

The other evoked potential to have attracted interest is the 
P50, an early response to usually auditory stimuli thought to 



reflect attentional gating. The most useful variable is the ratio 
of the P50 response amplitude of the second or test stimulus 
to that of the first or conditioning stimulus. Normal subjects 
generally suppress the second response and typically have 
ratios of less than 40%. Subjects with schizophrenia and pos- 
sibly their relatives show deficits in sensory gating, with P50 
ratios generally greater than 50%. In the review by Bramon 
et al. (2004), 20 P50 studies were considered that included 421 
patients and 401 controls. The effect size for the difference 
between cases and controls was just over 1.5 standard devia- 
tions (although latency did not differ). 

Finally, a novel use of the P300 potential has been the 
attempt to distinguish between feigned and 'hysterical' 
sensory loss. By applying regular innocuous sensory stimuli 
and the occasional painful stimulus to the 'anaesthetic' area, 
Lorenz et al. (1998) found an attenuated P300 in the conver- 
sion patient but a normal response in a subject instructed to 
feign sensory loss. 

Brain electrical activity mapping 

Brain electrical activity mapping (BEAM) represents an 
attempt to gain maximal information from EEG and evoked 
potential data by displaying regional brain activity in the 
form of visual topographic maps. Several systems are 
now in use, the common aim being to extract visual infor- 
mation relevant to electrophysiological abnormality as a 
complement to structural and metabolic methods of brain 
imaging. 

Duffy et al. (1979) introduced BEAM, using 24 scalp elec- 
trodes to record EEG and visual evoked responses. The EEG 
data were subjected to spectral analysis, and runs containing 
spike discharges were digitised. Extremely brief epochs of 
the evoked responses were displayed in quick succession. 
The spatiotemporal information obtained in this manner 
was displayed as colour-coded maps, interpolated values 
being calculated for points between electrode placements. 
Nowadays the input of many more electrodes is used and the 
system may be used to detect subtle changes during a cogni- 
tive task or at rest. Morihisa (1989) describes the strengths 
and limitations of such techniques and the findings that have 
emerged in relation to schizophrenia and developmental 
dyslexia, and uses have been described in relation to enceph- 
alopathies and attention deficit disorder. The value of BEAM 
in diagnosis has been largely superseded by the other brain 
imaging techniques. 

Magnetoencephalography 

Magnetoencephalography (MEG) has been developed 
during the past two decades as a method for studying brain 
electrical activity that is complementary to EEG. It aims to 
measure not the electrical activity directly but the minute 
magnetic fields which are a by-product of that activity. 
These are charted over extremely brief epochs of time, 
measured in milliseconds. The fundamentals of the 
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technique are described by Reeve et al. (1989), Fagaly (1990) 
and Andrews (1996). 

The advantage of charting magnetic fields is that they are 
not attenuated and distorted by passage through the brain 
tissue, skull and scalp as are the electrical currents which 
constitute the EEG. Consequently localisation, whether 
superficial or deep, stands to be enhanced. And since the 
EEG is partly derived from radially orientated current 
sources and MEG from tangential sources, the simultaneous 
recording of both can provide complementary information 
with regard to the intracranial origin of electrical activity. 

In recording the magnetoencephalogram a detection coil 
is placed in close proximity to the head surface and feeds 
information to a SQUID sensor (superconducting quantum 
interference device). Both the detection coil and the SQUID 
must be kept at superconducting temperatures, either by 
enclosing them in liquid helium in a vacuum-insulated 
chamber or by using closed-cycle refrigeration. This 'magne- 
tometer ' is capable of measuring extremely small variations 
in magnetic flux. The resulting information is fed through 
appropriate electronics to a data acquisition system. Since 
the SQUID must be protected from major changes in envi- 
ronmental magnetic fields it is usually necessary to carry out 
the recordings in a magnetically shielded room. 

Although still largely a research technique, MEG has 
shown its potential for answering both fundamental and 
clinical problems. A principal virtue is its capacity to localise 
the source of electrical signals, with the equivalent of 100-300 
recording channels, whether in the form of epileptic dis- 
charges or during studies of sensory evoked potentials 
(Barkley & Baumgartner 2003). Detection of deep foci has 
been used to enhance presurgical assessment in epilepsy, 
often in combination with EEG (Parra et al. 2004). 

Considerable technical problems remain to be resolved 
before MEG becomes widely available as a clinical or research 
instrument. Apart from cost and logistics, there is the problem 
of developing valid models for localisation deep within the 
brain in the presence of multiple dipole sources with differ- 
ing orientations. However, it is likely that the technique will 
contribute importantly to the understanding of the genesis 
of signals related to perception, cognition and behavioural 
responses, and might possibly clarify the site of major elec- 
trophysiological disturbances associated with psychiatric 
disorders. It could ultimately find a valuable place in the 
clinical investigation of patients with epilepsy (Reite 1990; 
Parra et al. 2004). 

Lumbar puncture 

Examination of the CSF can give valuable information in 
many clinical situations. It is usually a safe procedure but 
should never be undertaken lightly. The principal hazard is 
in patients with raised intracranial pressure and particularly 
when an intracranial tumour is present. The abrupt reduc- 
tion of pressure due to withdrawal of fluid can bring about 



tentorial herniation or a medullary pressure cone with fatal 
results. Even when the needle is quickly removed there may 
be continued leakage from the puncture hole in the dura 
mater so that complications can follow some time later. 
Lumbar puncture is therefore strictly contraindicated in the 
presence of papilloedema or when there are symptoms sug- 
gestive of raised intracranial pressure, except under skilled 
supervision and when neurosurgical help is immediately to 
hand. 

In the absence of raised intracranial pressure the risk 
attached to lumbar puncture is small. Conversely, the risk of 
withholding it can be high. In psychiatric practice it will 
sometimes be indicated in patients who show disturbance of 
consciousness or unexplained change of behaviour, even in 
the absence of definite neurological signs. It can be a danger- 
ous mistake to postpone the investigation on account of the 
severity of illness or uncooperative behaviour, although it 
will often be wise to delay in such circumstances until a CT 
scan and a neurological opinion have been obtained. 

Walton (1993) reviews the information to be obtained from 
lumbar puncture. The pressure is raised in the presence of 
tumour, haematoma, abscess or cerebral oedema. A moder- 
ate rise may be seen in patients with severe arterial hyperten- 
sion. The pressure may also be raised in certain rare disorders 
such as lead poisoning or hypoparathyroidism. 

Apleocytosis implies inflammatory changes in the menin- 
ges, either primary as in meningitis, or secondary to cerebral 
infection as in encephalitis or cerebral abscess. Polymorpho- 
nuclear leucocytes predominate with pyogenic infections 
and may number many thousands per cubic millimetre, ren- 
dering the fluid turbid. Virus encephalitis shows mainly 
lymphocytes, though with some varieties there may be poly- 
morphs in the early stages. The number of cells is normally 
rather low. When present, pleocytosis can be an essential 
observation for confirming the diagnosis. A moderate cellu- 
lar reaction can similarly be important in the diagnosis of 
cerebral abscess, usually with 20-200 cells /mm 3 , most of 
which are polymorphs. In untreated general paresis, 5-50 
lymphocytes/ mm 3 are usual, and as described in Chapter 7 
the monitoring of the cellular content of the CSF is essential 
for judging the adequacy of treatment and for the early detec- 
tion of relapse. A slight pleocytosis, nearly always of lym- 
phocytes, may be present in other conditions including 
primary and secondary cerebral tumours, cerebral infarc- 
tions or multiple sclerosis. 

Blood is found in the CSF after subarachnoid haemorrhage 
or when a primary intracerebral haemorrhage has extended 
to the subarachnoid space. Xanthochromia may persist as a 
yellow discoloration for several weeks thereafter. Xan- 
thochromia in the absence of frank blood is also sometimes 
found with subdural haematomas. 

An increased protein content is common to many condi- 
tions and can be difficult to interpret. The protein rises with 
meningitic infections and this can persist for some time after 
the pleocytosis has resolved. A moderate increase to 1.0 g/L 
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(100 mg/ dL), or a little more, may occur with encephalitis, 
cerebral abscess, cerebral infarction, neurosyphilis, cerebral 
tumours and multiple sclerosis. Similar levels can be seen 
with cervical spondylosis or with myxoedema. In the latter 
situation it can be particularly misleading. With certain 
tumours such as meningiomas or acoustic neuromas the 
level is often considerably higher. Very high levels of up to 
10 g/L (1000 mg/ dL) without an accompanying cellular 
reaction is characteristic of the polyneuropathy of Guillain- 
Barre syndrome, also of spinal blockage from any cause. 

The globulin fraction is raised in relation to the albumin in 
many inflammatory conditions. The gamma globulins are 
abnormally high, with a selective increase in the IgG fraction 
in the majority of cases of multiple sclerosis. Increases in the 
major immunoglobulins (IgG, IgA and IgM) are estimated 
using radioimmunoassay, immunoelectrophoresis and isoe- 
lectric focusing. Oligoclonal banding reflects the typical 
pattern of such changes in multiple sclerosis, but is also 
found in various forms of meningoencephalitis, subacute 
sclerosing panencephalitis and Guillain-Barre syndrome. 
Thus it is indicative of an immunological response rather 
thanbeing diagnostic of a particular condition (Walton 1993). 
Immunoassay for protein 14-3-3 appears to be highly specific 
for CJD (see Chapter 9). 

The sugar content of the fluid is greatly lowered or abol- 
ished in pyogenic meningitis. A moderate fall is found in 
tuberculous meningitis and can be a valuable pointer in dif- 
ferentiating this from the various forms of aseptic meningitis 
due to viral infection. The chloride content is also low in 
tuberculous meningitis. 

Examination of films and culture of the fluid are important 
for determining the responsible organism when infection is 
present. Modern virological studies are highly sophisticated 
and sensitive (see Chapter 7) (Kennedy 2005). However, 
considerable time is required before the results of culture 
become available. The development of polymerase chain 
reaction techniques for the detection of viral DNA or RNA in 
the CSF yields an immediate and specific diagnosis with 
some infections, for example herpes simplex virus. Tests may 
be negative within the first 3 days and subsequently after 
acyclovir treatment (Tyler 2004). Examination of films may 
also reveal neoplastic cells, especially in carcinomatosis and 
the medulloblastomas of childhood. Serological tests for 
syphilis are important since it is possible that they may be 
negative in the serum in active cases of general paresis. 

Thus in many situations examination of the CSF provides 
important information that contributes to the diagnosis. In 
some conditions such as encephalitis, general paresis and 
cerebral abscess it may be crucial in alerting one to the diag- 
nosis. However, a normal CSF does not mean that a patho- 
logical process within the central nervous system (CNS) can 
be excluded. The degenerative processes responsible for the 
presenile and senile dementias do not as a rule show changes, 
and a completely normal fluid may be found in occasional 



cases of encephalitis. Moreover, many pathological proc- 
esses responsible for enduring brain damage and neuropsy- 
chiatric disturbance will have subsided by the time the 
patient is examined, and will have left a normal fluid in 
their wake. 

Radiography of the skull 

The chief indication for skull radiography is usually suspi- 
cion of a cerebral tumour, although cranial CT and MRI are 
invariably used as first-line investigations if available. There 
may be erosion or bony overgrowth over the vault due to a 
meningioma, or abnormal vascular markings indicative of a 
tumour or angioma. Special views may show erosion of the 
internal auditory meatus due to an acoustic neuroma. Osteo- 
lytic bone lesions may give the first indication of carcinoma- 
tosis or multiple myeloma. General thickeningor 'woolliness' 
may indicate Paget's disease. 

The next main focus of interest is the sella turcica. Decalci- 
fication or erosion of the posterior clinoid processes is an 
important indication of raised intracranial pressure, or the 
fossa may be enlarged due to a pituitary or suprasellar 
lesion. 

Intracranial calcification provides other clues. The pineal 
is calcified in approximately 50% of adults and may display 
shifts of the midline structures. The choroid plexuses and the 
falx cerebri may occasionally be calcified as well. Calcifica- 
tion within the body of a tumour can be of direct localising 
value, similarly calcification within the walls of a large 
cerebral aneurysm. Other rare conditions include calcifica- 
tion within the basal ganglia in hypoparathyroidism (see 
Chapter 10), calcification within the nodules in tuberose 
sclerosis or in the cysts of cysticercosis. 

Computed tomography 

CT probably represents the most significant advance in the 
use of X-rays for diagnosis since their discovery and has 
established itself as invaluable in the diagnosis of cerebral 
disorder. The system is approximately 100 times more sensi- 
tive than conventional radiography systems, yet exposes the 
patient to no greater radiation dosage than a standard series 
of ordinary skull radiographs. There is no need for anaes- 
thesia or any form of invasive procedure, rendering it 
entirely safe for patients who might be unfit for contrast 
neuroradiology. 

The ventricular system is clearly shown along with certain 
of the basal cisterns. The cortical sulci are detectable, and 
readily so when enlarged. Within the cerebral substance var- 
iations in soft tissues of nearly similar absorption density 
may be displayed; thus the thalami and heads of the caudate 
nuclei are generally identifiable as discrete structures, also 
the internal capsule and optic radiations. The cortical grey 
matter mantle is visible over the surface of the cerebral hemi- 
spheres. Progressive refinements incorporated into more 
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recent machines have considerably increased the amount of 
detail displayed. 

In investigating cerebral pathology the scan may show 
displacements of normal intracranial contents, but in addi- 
tion many focal pathological processes produce changes in 
brain absorption density that enable lesions to be displayed 
directly. Space-occupying lesions are readily shown, includ- 
ing tumours, abscesses and haematomas. Local cerebral 
oedema is demonstrated, and infarction is revealed as a 
region of low absorption density. 

The nature as well as the location of a tumour can often be 
demonstrated - whether benign or malignant, solid or cystic 
- as well as the degree to which surrounding oedema infil- 
trates brain tissue. A diffuse increase in absorption density is 
seen with meningiomas, colloid cysts and pituitary adeno- 
mas, whereas gliomas and metastases may be hyperdense or 
hypodense. Aspecial advantage is the capacity to distinguish 
tumours from infarctions at an early stage, and in cases where 
angiography might well have been contraindicated. Intrave- 
nous injection of sodium iothalamate (Conray) can be used 
in doubtful cases to enhance the contrastbetween the tumour 
and surrounding brain tissue. In the management of strokes 
the differentiation between infarction and haemorrhage is 
relatively simple. This can be especially important if the 
patient is taking or due to take anticoagulants (Sandercock 
et al. 1985). The location, size and direction of propagation of 
intracerebral haematomas can be defined. After head inju- 
ries various important forms of cerebral pathology are dis- 
played (see Chapter 4). In the acute stage of injury, scanning 
can be invaluable in demonstrating intracranial haemato- 
mas before the patient's deterioration makes them obvious 
to the surgeon. 

The cerebral vasculature can now be imaged with impres- 
sive detail using helical CT. High-speed imaging is per- 
formed during the bolus administration of intravenous 
contrast. From a single pass of contrast medium, a three- 
dimensional reconstruction of the cerebral vasculature 
(including aneurysms and malformations) may be obtained 
that may then be inspected from any angle (Mazziotta 2000). 

Cerebral atrophy shows as enlargement of the ventricles, 
broadening of the sylvian and interhemispheric fissures, and 
widening of the cerebral sulci, much as after air encephalog- 
raphy. Areas of relative translucency may be shown in the 
cerebral white matter in demyelinating disorders such as 
multiple sclerosis (Chapter 14) and Schilder's disease 
(Chapter 14). White matter changes may also be found in a 
proportion of demented patients and even sometimes in the 
healthy elderly (so-called leucoaraiosis), although MRI is 
the method of choice for revealing white matter pathology. 

Significance of cerebral atrophy 

Sometimes neuroimaging shows changes that are hard to 
interpret, particularly where cerebral atrophy is concerned. 
It is often easier to assess distortion by a space-occupying 



lesion than to decide on the significance of minor ventricular 
enlargement. Occasionally, moreover, the ventricles may 
prove to be enlarged or the sulci prominent in patients who 
show no evidence of cerebral disorder. Such examples raise 
obvious diagnostic difficulties, and are a reminder that a 
range of normal variation must be allowed where the appear- 
ances of the brain are concerned. 

It is now clear from CT that ventricular size increases with 
age even in healthy persons, and particularly so in the later 
decades of life. For example, Barron et al. (1976) examined 
135 normal volunteers by CT, demonstrating a gradual 
increase from the first to the sixth decades followed by a dra- 
matic increase from the age of 70 onwards. The range in ven- 
tricular size also became wider among the elderly subjects. 

With regard to dementia there is usually an obvious asso- 
ciation with evidence of atrophy, although this is not abso- 
lute in every case. Younger demented patients are more likely 
to show decisively abnormal findings, in comparison with 
their peers, whereas in the elderly there may be considerable 
overlap with healthy persons of equivalent age. Jacoby and 
Levy (1980) found on discriminant function analysis that CT 
measurements produced a correct prediction of dementia in 
83% of elderly subjects, cortical atrophy being a rather better 
discriminator than ventricular size. Interestingly, however, 
patients over the age of 80 were significantly less likely to 
have large ventricles compared with those a decade or so 
younger, perhaps reflecting the more benign course of 
dementia in the very elderly. Hubbard and Anderson (1981) 
were able to show by detailed autopsy measurements that 
the ventricles were of normal size for age in approximately 
40% of patients with senile dementia. 

The severity of cognitive impairment in dementia has 
proved to be closely related to the degree of cerebral atrophy. 
Furthermore, Burns and Pearlson (1994) reviewed the many 
CT studies in this area, showing that significant correlations 
with cognition have emerged twice as often for ventricular as 
for cortical measurements and that cognitive deterioration 
on follow-up is paralleled by further ventricular enlarge- 
ment. MRI is particularly valuable in the diagnosis of 
dementing illnesses and has more sensitivity than CT. There 
is a large body of work examining the diagnostic value of 
volumetric measures of particular anatomical structures, 
rather than the brain as a whole, such as the hippocampus, 
amygdala and entorhinal cortex. Such indices have good 
positive predictive value (around 70-80%) in the diagnosis 
of Alzheimer 's disease even in comparison to mild cognitive 
impairment. 

The advent of CT opened the flood-gates to volumetric 
studies in schizophrenia, starting with Johnstone et al. (1976) 
who confirmed the presence of cerebral atrophy (see 
Chapter 2) in historical post-mortem and air-encephalo- 
graphic studies. Studies in affective disorder soon followed. 
CT and MRI studies are thus increasing our appreciation 
that a degree of cerebral disorder may play some part in 
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Fig- 3.5 Coronal magnetic resonance brain images illustrating different scanning sequences (see also Plate 3.1). T1, inversion recovery; T2, 
spin-echo; PD, proton density. (Courtesy of Dr Nancy Andreasen.) 



contributing to a considerable range of mental illness. The 
degree of cerebral change encountered on CT will only rarely 
lead to difficulties with diagnosis, but on occasion it will be 
sufficient to call for detailed re-evaluation of the patient's 
illness. The cortical shrinkage and ventricular dilatation 
accompanying severe alcohol abuse will quite often be per- 
plexing when the drinking history is unknown, likewise the 
appearances of atrophy that may accompany steroid admin- 
istration (Ben tsoneffl/. 1978;LagensteinefrtZ. 1979). The latter 
appears to be largely reversible on discontinuation of the 
steroids. Minor reversible changes have also been reported 
in patients with anorexia nervosa (Palazidou et al. 1990). 

Magnetic resonance imaging 

The early 1980s saw the introduction of MRI and this has 
transformed diagnosis in neurology and neuropsychiatry 
(Besson 1990). It competes strongly with CT, yielding greatly 
superior anatomical and pathological information. Unlike 
CT it involves no X-irradiation but makes use of the magnetic 
properties of nuclei and their capacity to be excited by radio- 
frequency pulses. 

Most routine MRI utilises the hydrogen nuclei of the tissues. In essence 
these are made to resonate in response to rapidly changing magnetic 
fields around them, and the signals they emit are then processed to 
yield a visual image based on their distribution and physicochemical 
state. 

The patient is placed in a static magnetic field, varying in different 
machines from 0.5 to 4.0 T in strength. This produces a net alignment 
of the magnetic moments of the hydrogen nuclei in the tissues. Under 
such circumstances the nuclei 'precess' in a circular course about this 
axis, much as a spinning top will wobble. Brief bursts of radiofre- 
quency pulses, applied at the appropriate frequency from a surround- 
ing coil, augment the precession, and when the excitation pulse ends 
the nuclei return to their lower energy state. The electrical signals 
emitted from the tissues in the course of such energy changes can be 



detected and analysed by computer to reveal the distribution of the 
hydrogen nuclei involved. Techniques are used to 'scan' the tissues 
systematically, yielding visual images much as with CT. 

A variety of scanning sequences can be selected in order to optimise 
the particular parameters used in image reconstruction. Repeated free 
induction decay or saturation recovery (RFID or SR) produce images that 
reflect proton density. Inversion recovery (IR) sequences reflect the lon- 
gitudinal or spin-lattice relaxation time (Tl) of the protons as they 
return to their previous equilibrium in line with the axis of the static 
magnetic field. Spin echo (SE) sequences are differently derived to 
display the transverse or spin-spin relaxation time (T2), during which 
the spinning protons are relaxing in phase with one another but inter- 
acting with the spins of other nuclei. These different scanning 
sequences are each suited to different purposes in visual imaging. In 
Tl images the CSF appears dark in relation to brain tissue; in T2 images 
the CSF is light, with grey matter also light and the white matter dark 
(as illustrated in Fig. 3.5: see also Plate 3.1). 

Special sequences 

Fluid-attenuated inversion recovery (FLAIR) produces aheavily weighted 
T2 image. This in turn suppresses CSF signal and renders lesions at the 
parenchyma-CSF interface more conspicuous. This is particularly 
useful in demyelinating disorders where there maybe plaques close to 
the ventricles. Another use is in highlighting hippocampal sclerosis in 
patients with temporal lobe epilepsy and hippocampal involvement 
in limbic encephalitis (Fauser et al. 2005) (Fig. 3.6). However, caution is 
needed in interpreting these images since the healthy hippocampus 
may also show mildly increased signal intensity. 

Diffusion-weighted imaging (DWI) employs SE-based sequences that 
are sensitised to diffusion by strong magnetic field-gradient pulses. 
The biggest contribution of DWI has been in the detection of acute cer- 
ebral infarction, since water diffusion drops to half its normal value 
early on, giving a region of hyperintensity on DWI scans (Brammer & 
Fazekas 2002). 

Diffusion tensor imaging (DTI) and tractography: diffusion in the brain 
is hindered by biological tissue, being relatively less impeded along 
the axis of myelinated fibres. This asymmetry is known as diffusion 
anisotropy. DTI exploits this to image the consistency or otherwise of 
orientation of white matter tracts. It is therefore of most value in the 
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Fig. 5.6 Coronal T2-weighted sequence (a) and transverse FLAIR 
(b) showing hyperintensity and swelling of the left hippocampus 
(on the right of both images) and white matter oedema in the left 
parahippocampal gyrus. Scans are of a 32-year-old woman 
presenting with tonic-clonic seizures, diagnosed with voltage-gated 
potassium channel autoantibodies (non-neoplastic limbic 
encephalitis); 6 months after presentation the patient had some 
verbal and autobiographical memory impairment and showed 
atrophy of the left hippocampus. (From Fauser etal. 2005 with 
permission.) 

investigation of white matter disease, including demyelination. Trac- 
tography is the rendering of information on white matter tract orienta- 
tion and shape in three dimensions. The technique can be used to 
produce beautiful anatomical displays that expose the structural 
underpinnings for functional connectivity in the brain and has much 
promise in neuropsychiatric disorders where aberrant development is 
the presumed pathogenesis (Catani & ffytche 2005). 



Magnetisation transfer (MT) refers to the magnetisation of hydrogen 
bonds bound to macromolecules such as cell membranes. A pulse is 
applied that results in the exchange of magnetisation between bound 
protons and free water protons. Signal intensity is reduced at the 
site where the transfer occurred. The upshot of this technique is to 
increase the contrast of liquids versus solids and is thus used to image 
the cerebral vasculature (including distal vessels) in magnetic reso- 
nance angiography (MRA), usually in conjunction with gadolinium 
contrast enhancement (Castillo & Mukherji 2001 ) . 

An outstanding feature of MRI is the exquisite level of soft 
tissue contrast obtained by scanning in the IR sequence (Tl- 
weighted images). Grey and white matter are strongly differ- 
entiated, yielding fine anatomical detail. The cortical grey 
matter is shown clearly and the thalami and basal ganglia are 
demarcated from the surrounding white matter and ven- 
tricular system. Sagittal scans show the corpus callosum, the 
columns of the fornix and the brainstem. In the posterior 
fossa, the substantia nigra and the middle cerebral pedun- 
cles can be discerned. 

MRI holds several pronounced advantages over CT. 
Improved detection of small demyelinating lesions is 
coupled with excellent visualisation of the posterior fossa 
and pituitary regions, since there is little or no bone artefact 
to intrude on the images obtained. The various scanning 
sequences available give versatility of choice, and the slices 
to be viewed are readily switched from transverse to 
coronal or sagittal planes without disturbing or moving the 
patient. 

MRI's superiority over CT has emerged in many clinical 
settings: in the detection of cerebral tumours, small infarcts 
and other vascular disease of the brain, and in revealing the 
lesions responsible for epilepsy (Fig. 3.7). It is very much 
better at showing the residua of cerebral trauma (Chapter 8) 
and in the detection of cerebral infections including those 
due to HIV /AIDS (Chapter 7). MRI has produced a new 
diagnostic sign, the pulvinar sign (increased signal intensity 
on T2-weighted images), found in variant CJD (Fig. 3.8). 
FLAIR sequences are also of value in variant CJD, showing 
hyperintensity of the pulvinar and dorsomedial nuclei of 
the thalamus, the so-called hockey-stick sign (Zeidler et al. 
2000). The value of MRI in relation to the dementias and 
other neurodegenerative disorders is described in the 
appropriate sections of this book but the regional atrophy 
that characterises the frontotemporal dementias is easily 
visualised with MRI (Cooper & Greene 2005) (Fig. 3.9). 
Routine examination may be supplemented by the intra- 
venous administration of a paramagnetic contrast agent 
(gadolinium bound to the chelating agent diethylene tri- 
aminepentaacetic acid), which yields additional information 
about derangements of the blood-brain barrier in the vicin- 
ity of lesions. This can be valuable in the context of vascular 
disease and in distinguishing a tumour from the oedema 
that surrounds it. Developments in MRA have been noted 
above (Bradley 1992). 
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Fig. 3.7 A 55-year-old woman with a 2-year history of increasing 
self-neglect and deteriorating function at work, followed by acute 
onset of paranoid psychosis and unsteadiness, (a) CT without 
contrast and (b) CT with contrast, both showing large frontal 
meningioma with contrast enhancement. (c)T1 -weighted MRI with 
contrast and (d)T2-weighted MRI showing meningioma plus right 
frontal infarction, presumed to be related to acute deterioration. 



(a) 



(b) 



Fig. 3.8 The pulvinar sign in a histopathologically confirmed case of 
variant Creutzfeldt-Jakob disease. (a)T2-weighted axial MRI showing 
high signal in pulvinar of the thalamus (arrows), (b) Changes were 
consistently conspicuous on proton density-weighted images. (From 
Zeidler et al. 2000 with permission.) 
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Fig. 3.9 Axial MRI showing abnormalities 
in the spectrum of frontotemporal lobar 
degeneration. Frontotemporal dementia is 
associated with frontal and temporal 
atrophy. Progressive non-fluent aphasia 
typically presents with left-sided 
perisylvian atrophy, whereas semantic 
dementia is characterised by left-sided 
anterior temporal lobe atrophy. (From Van 
der Flier & Scheltens 2005 with permission 
of BMJ Publishing Group Ltd.) 




Fig. 3.10 Serially acquired T1 -weighted 
MR scans from an initially asymptomatic 
patient destined to develop familial 
Alzheimer's disease. Scans were acquired 
over 4 years before criteria for dementia 
were met; the first symptoms were 
reported between scans (d) and (e). Each 
scan has been positionally registered to the 
baseline scan. See also Plate 3.2. (From Fox 
& Schott 2004 with permission.) 




In all these settings MRI has the added advantage that 
repeat examinations are possible without hazard from radia- 
tion exposure. Use in relation to normal ageing and the diag- 
nosis of Alzheimer's disease is an important clinical topic. It 
has been estimated that annual rates of cerebral atrophy are 
in the region of 0.2-0.5% in middle-aged healthy controls, 
rising to 3-5% at 70-80 years of age. This compares with 
rates of about 2-3% in Alzheimer's disease (Fox & Schott 
2004). A 6-year longitudinal study showed that medial 
temporal lobe atrophy could be used to predict future cogni- 
tive decline in 45 participants aged over 60 years, with 91% 
specificity and 89% sensitivity (Rusinek et al. 2003) (Fig. 3.10: 
see also Plate 3.2). Schott et al. (2005) have used a method 
to coregister scans from individuals for the purposes of 
longitudinal comparisons using an automated technique 
known as the boundary shift integral method. They showed 
that this technique enabled more precise measurement of 
change. Changes in ventricular size - a 1-mL decrease in 
brain volume in Alzheimer's disease is on average accom- 
panied by about 0.22 mL of ventricular expansion - showed 
even greater reliability. Presymptomatic change and pro- 
gression are also visible on MRI in conditions such as 
Huntington's disease (Fig. 3.11). 



With regard to safety of MRI, no adverse effects have been 
encountered, provided that patients with intracranial metal- 
lic foreign bodies, including aneurysmal clips, are excluded 
(the principal risk being the induction of heating in large 
metal objects such as skull prostheses), likewise patients 
with cochlear implants or cardiac pacemakers. Other poten- 
tial exclusion criteria are discussed by Moseley (1994). Apart 
from feelings of claustrophobia and the noise of the machine 
(requiring ear protection), which some patients find distress- 
ing, the examination is without discomfort. Obese patients 
and those unable to lie still for several minutes may be better 
investigated with CT. 

White matter hyperintensities 

These are an example of an MRI-detected pathology, best 
seen on conventional dual-echo or T2-weighted images, or 
FLAIR sequences. They are frequently observed in the 
elderly but when multiple and confluent have definite 
pathological significance, being associated with increased 
risk of cerebrovascular and cardiovascular incidents, cogni- 
tive decline and depression (Launer 2003; Kales et al. 2005). 
Pathologically, the lesions show rarefaction of myelin 
sheaths and gliosis and are associated with microvascular 
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Fig. 3.11 Coronal T1 -weighted inversion- 
recovery turbo spin-echo MRI: (a) healthy 
control subject; (b) Huntington's disease 
carrier with stage 2 disease showing 
thinning of the head of the caudate 
nucleus (white arrow) and the putamen 
(black arrow). (From Mascalchi etal. 2004 
with permission.) 




Grade 1 



Grade 2 



Grade 3 



Fig. 3.12 T2-weighted MR scans showing 
punctuate (Grade 1 ), early confluent 
(Grade 2), and confluent 
(Grade 3) white matter hyperintensities. 
Grade 2 and 3 lesions have been shown 
histopathologically to be associated with 
microangiopathy. (From Kapeller etal. 
2004 with permission.) 



abnormalities. Taking their usually periventricular distribu- 
tion into account, ischaemic injury from compromise to pen- 
etrating arterioles is a likely aetiology (Lee & Marcus 2006); 
similar pathology is seen in the brains of depressed patients 
with periventricular and deep white matter hyperintensities 
(WMHs) but with less emphasis on vascular occlusion, 
pointing perhaps towards hypotensive mechanisms. A 
frontal location was particularly associated with depression 
(Thomas etal. 2002) . Similarly, 'silent' brain infarcts, revealed 
by MRI, confer a more than twofold increased risk of demen- 



tia and fivefold risk of stroke, discovered over periods of 3-4 
years in the landmark Rotterdam study of over 1000 appar- 
ently healthy 60- to 90-year-olds (Vermeer et al. 2003). Based 
on MRI appearances, WMHs can be classified as punctuate 
(grade 1), patchy or beginning of confluence (grade 2), and 
confluent (grade 3). Periventricular hyperintensities may 
appear as caps around the frontal or posterior horns of the 
lateral ventricles (grade 1), bands along the lateral ventricles 
(grade 2), and irregular changes extending into deep white 
matter (grade 3) (Fig. 3.12) (Kapeller et al. 2004). For 
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epidemiological research purposes the Rotterdam group 
rated the number and size of subcortical white matter lesions: 
small (<3 mm), medium (3-10 mm), and large (>10 mm). 
Periventricular white matter lesions were rated semiquanti- 
tatively per region: adjacent to frontal horn (frontal capping), 
adjacent to lateral wall of lateral ventricles, and occipital 
capping on a scale of 0 (no lesions), 1 (pencil thin periven- 
tricular lining), 2 (smooth halo or thick lining), or 3 (large 
confluent lesions). This was done for both hemispheres. The 
overall degree of periventricular white matter lesions was 
calculated by adding the scores for the three separate catego- 
ries (range 0-9). A clear effect of 'normal' ageing can be seen 
in the graph (Fig. 3.13). This must be taken into account when 
judging whether a scan showing WMH is abnormal, and 
requires further investigation, or not. De Leeuw et al. (2001) 
found that in those aged over 60 years only 8% were free of 
subcortical white matter lesions, 20% had no periventricular 
white matter lesions and 5% had no white matter lesions in 
either location. Of subjects aged between 60 and 70 years, 
about 13% were completely free of subcortical white matter 
lesions and 32% were free of periventricular white matter 



(a) 




white matter lesions 



(b) 




Fig. 3.13 Distribution of periventricular white matter lesions by 1 0- 
year age category. Note that the distribution of all subcortical white 
matter lesions is quite different showing marked skew with a peak 
around a mean score of 1 for all age groups. (From de Leeuw etal. 
2001 with permission.) 



lesions, whereas for subjects aged between 80 and 90 years 
these percentages were 0 and 5, respectively. 

A related pathology is punctate foci of signal loss on con- 
ventional T2 images, corresponding to microscopic intracer- 
ebral bleeds associated with hypertension. This can be 
highlighted with T2*-weighted images, which show focal 
deposits of haemosiderin as dark spots (Fig. 3.14) (Kapeller 
et al. 2004). Such lesions may also be seen in cerebral amyloid 
angiopathy and in cerebral autosomal dominant arterio- 
pathy with subcortical infarcts and leucoencephalopathy 
(CADASIL). 

Magnetic resonance spectroscopy 

Magnetic resonance spectroscopy (MRS) is an important 
extension of MRI, in effect yielding information about certain 
chemical constituents of tissues, ft depends on the principle 
that in a given magnetic field each distinct nuclear species 
spins at a unique frequency (Larmor frequency) that is 
altered slightly according to the chemical compound con- 
taining the element. This effect is called the chemical shift. 
When tissue within a static magnetic field is exposed to 
another competing field, by applying a radiofrequency pulse 
tuned to the Larmor frequency of the element in question, a 
spectrum can be obtained that reflects the various com- 
pounds in which the element is incorporated. By examining 
the spectrum the relative ratios of these components one to 




Fig. 3.14 T2*-weighted MRI scan showing microangiopathy-related 
haemosiderin deposits. (From Kapeller et al. 2004 with permission.) 






